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PREFACE. 


In the preparation of this, the sixth, Edition of my 
Text-book of Pathology and Morbid Anatomy, I have 
been fortunate enough to secure the assistance of my 
surgical colleague, Mr. Stanley Boyd. The introduc- 
tory chapter, and the chapters on ‘‘ Tumours,” on 
“Regeneration,” on ‘‘Septicemia and Pyemia,” and 
on the “ Vegetable Parasites,” are entirely his work. 
Most of the new engravings have been drawn from his 
preparations, Mr. Collings being again the artist. 

I trust the work in its revised form adequately 
represents the present position of the ever-increasing 
knowledge of the subjects of which it treats; and that 
it may thus still continue to fulfil the purpose for 
which it was originally written—that of an Elementary 
Guide for the Student of Medicine. Should it do so, 
1 feel that it will be largely owing to Mr. Boyd’s con- 
tributions, and I take this opportunity of gratefully 
acknowledging his ablp help. 


T, Henry GREEN. 


Wimro.e STREET, 
Atay, 1884. 
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ANATOMY AND HISTOLOGY investigate the naked- 
eye and microscopic structure of the healthy body ; physi- 
ology examines the functions of the parts and clements 
revealed by them, and studies the chemical processes 
which constitute healthy hfe. ‘To obtam a knowledge 
of disease, parallel courses must be adopted. In post- 
mortem examinations we note all naked-eye depar- 
tures from normal anatomy; next, the microscope is 
employed to show the finer changes to which these 
epartures are duc; and, lastly, we endeavour to find out 
the causes of the abnormal structure and function which 
constituted the disease, their mode of action, and the 
nature and sequence of the disturbances which they 
produce. We thus get pathological anatomy and _his- 
tology, and pathology—the physiology of disease. 

The guiding principle of modern pathology being, that 
pathology has to deal with no new function or element, 
but simply with disturbances of normal functions and 
elements, it is obvious that, for the purpose of studying 
disease, our acquaintance with the body in health cannot 
be too mtimate. 

The complex human organism can be reduced to very 
simple elements —cells and the intercellular substances 
to which they give origin. These two elements make up 
every tissue, the cells being sometimes in excess—as in 
epidermis, where they seem to be in absolute contact— 
sometimes the intercellular substance, as in the conneg- 
tive-tissues. It is now universally accepted that the cell 
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is the seat of nutrition and function. Health and disease 
must be considered as terms referring, not to the bbdy 
as a whole, but to the cells of which it consists. 

Before proceeding to treat of disease we will say a few 
words upon the constitution of cells in health, and upon 
their functions and the conditions under which they are 
physiologically discharged. 

CONSTITUTION OF CELLS.— When Schwann estab- 
lished the analogy between the animal and vegetable cell 


Fic. 1. the former was held to be constructed, in 
all cases, upon the same principle as the 
(@) latter, and to consist of a cell-wall en- 


closing a cavity in which were contained 
a nucleus and fluid contents (Fic. 1). 
But the fact that no cell-wall can be de- 
monstrated in embryonic cells, blood- 
corpuscles, and the cells of many rapidly 
growing new formations, led Leydig and 
Max Schultze to believe that a little 
mass of matter, enclosing a nucleus, was 
ms all that was necessary to constitute a cell. 

Cells froma can- Max Schultze established the identity 
eer. Showing cell- of the cell-substance with animal sar- 
ee code—a contractile substance existing 
cleoli, The nuclei in the lower animals, and showed that 
dividing. it also was capable of spontaneous move- 
ment. He called this substance, of which all cell-bodies, 
animal or vegetable, are at least at one period of their 
existence, composed, protoplasm ; and pointed out thata 
distinct cell-wall resulted from a retrograde process occur- 
ring in its outer layers. Dr. Beale, in this country, pro- 
mulgated similar views. 

The definition of a cell has been still further modified 
by the discovery that a nucleus is not essential; for none 
exists in the cryptogamia and in some of the lowest 
animal forms. In these exceptional cases the cell con- 
sigts of a simple mass of protoplasm; but in the higher 
animals the nucleus is almost constant. The cell-wall is 
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much less so, and must be regarded, in point of vitality, 
as faferior to the rest of the cell. 

Protoplasm is 2 very complex body of the molecular 
constitution of which we are ignorant. It contains a 
large quantity of water, and its solid residue is largcly 
made up of albuminoid material ; but with this there are 
always associated some carbohydrate, fat, and morganic 
salts. The relations of these bodies to each other are 
unknown, but some authorities regard the proteid element 
as alone essential to the manifestation of lite. Protoplasm, 
as seen in the bodies of normal cells, is generally. struc- 
tureless, soft and viscid, but varymg much in Auidity. 
Granules are frequently present in it, often in one part 
and not in another, and these probably always differ 
chemically from true protoplasm. Small cavities, full of 
fluid, looking like clear spaces, are often seen; they are 
called vacuoles, and may either riddle the cell, or one 
large one may occupy much of its body. ‘They appear, 
disappear, and change their position. 

In highly specialised cells, protoplasm has acquired a 
distinct structure—e.g., the fibrillation of muscle and 
nerve-cells and the striation of many ciliated and gland- 
cells. In‘ many cells, after hardening in chromic acid, a 
fine network of fibres is seen in the cell-substance, a fact 
which has led Klein and others to believe that the proto- 
plasm of cell-bodies is really arranged like a sponge; the 
interstices being occupied by fluid containing granules 
which are moved about by contractions of the protoplasm. 
This view explains many phenomena of cell-life; but, up 
to the present time, it has not been supported by the 
observation of living cells.* 

Under certain circumstances protoplasm undergoes 
metamorphoses into various substances—e.g., mucin, 
globulin, keratin, pepsin and other ferments, glycogen, 
and fat; which may form large portions of the bodies of 
cells, 
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This protoplasm is the essential constituent of the 
body of every cell. In comparison with the nuckus 
the body varies much in size; being sometimes large in 
proportion, sometines quite insivnificant. 

The celH-wall, when present, is of much firmer con- 
matence than the rest of the hody, and seems to be 
yee to some metamorphosis of the protoplasm of the 

er. 

The nucleus is more constant than the body, both in 
size anc form. It is usually spherical or oval, but may 
be quite rod-shaped ; is generally placed near the centre of 
the cell, and may be single or multiple. It resists de- 
tructive reagents more strongly than does the body, and 
In disease often remains after this has been destroyed ; 
it is stained more deeply by carmine and logwood. Its 
presence may be concealed by fat, pigment, or other sub- 
stances in the cell-body. The nucleus does not exist in 
red blood-corpuscles, and it is doubtful whether or no the 
nucleated red blood-corpuscles of the early embryo disap. 
pear or are converted into the non-nucleated discs which 
succeed them. Those formed endogenously in connective- 
tissue corpuscles in later foetal and extra-uterine life are 
apparently never nucleated. The nucleus of epidermic 
scales may finally be converted into keratin, and dis- 
appear. 

The nucleus, which was formerly regarded as a spherical 
vesicle, bounded by a definite membrane which separated 
the nuclear fluid from the cell-substance, is now known to 
possess with great constancy the following much more 
intricate stracture:—l. A membrane bounding it ex- 
ternally; 2, a network of fibres, probably contractile, 
and certainly capable of great changes in closeness 
and general form; 3, one of more nucleoli, said by 
some to be only nodal points in the network; 4, a 
clear, more or less fluid, substance which fills the 
membrane and lies in the meshes of the network. The 
mere solid portions—membrane, network, and nucleoli 
—are spoken of as nucleoplasm ; the less solid, as nuclear 
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matrix. Under Genesis of Cells we shall describe the 
retharkable changes which occur in nuclei previous to 
division of cells. 

PHYSIOLOGY OF CELLS.—Having described the 
structure of cells, we will now give a short summary of 
their normal functions, and of the conditions under which 
they are physiologically discharged. 

A unicellular organism, like the amoeba, takes in food, 
grows, and excretes ; performs certain functions, of which 
motion is the most obvious, and reproduces its like. The 
whole of this may be regarded as work done, and implies 
the expenditure of force; and we may be quite sure, 
although we know nothing of the chemical] processes going 
on in an amovba, that its excreta are simpler compounds 
than its ingesta—the difference in heat-value between 
these two sets of compounds representing the force which 
is available to the organism. The ability to effect these 
chemical and physical processes, in which the “ life” of the 
animal—as recognisable by us—consists, is inherited, and 
is spoken of as “ vital activity,” or “vital energy.” The 
possession of this is naturally the first essential to living. 
The other requirements of the cell are a sufficient supply 
of suitable food, and appropriate surrounding phy- 
sical conditions—such as a normal temperature, and 
suitable density of the surrounding fluid. 

In man, a multicellular being, the cells vary much in 
form and in the results of the chemical actions which they 
effect. Although retaining more or less independence, 
varying with the kind of cell, they are bound together forthe 
common good, and each has some special function to per- 
form. Thus there are muscle-cells to produce motion, 
gland-cells to secrete and excrete, and nerve-cells to control 
the working of muscle, glands, and perhaps other tissues ; 
certain cells are set apart for reproduction; and, finally, 
there are the connective-tissues to unite and support 
the other structures, and surface epithelium to protect 
them. Thus each kind of work done by the one cell of the 
amosba is in man performed by a different group of cells 
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specialised for the purpose. If. then we recognise the jr 
ter-depondences of the cells in the ee prea 
each other, nl d +} i ffore s mp orginism ufon 
n te differences in their structure and 
purpose in the economy, all that has been sajd of the 
amorba will apply to each cell of the body. 
a he ioe energy of each cell manifests itself in three 
sei aA peti of hy Virchow as the Nutritive, Func- 
aaa productive Activities. ‘The two former 
re purely chemical, and may be considered together. 
Wood 18 taken into the body, digested, and absorbed 
by lacteals and blood-vessels from the intestines; the 
various excretory organs give off urea and, in small 
quaritity, other nitrogenons bodies, carbonic acid, and 
water. Supposing the body to be in nutritive equilibrium, 
neither gaining nor losing weight, the amounts excreted 
will account for the nitrogen, carbon, and hydrogen 
taken in as food. Putting aside water, certain salines, 
and oxygen, which are essential to life, the food- 
stuffs are albumen, carbohydrates, and fats — the, 
muterials of which the body consists. It is evident 
that a large amount of heat must be set free in the 
breaking-down of these bodies to the excreta above- 
mentioned, and this is the source of the force by which 
every act is performed. The blood carries the pre- 
pared food-stuffs to the capillaries, where they pass out 
with the lymph to come into actual contact with the cells. 
Certain, or all, of these bodies are now taken up, and 
become part of the substance of the cell, replacing some 
older material which has been broken down to supply 
force for.assimilation and all other actions of the cell. 
This breaking-down of cell-substance consists in the union 
of it with oxygen obtained from the blood, and stored by 
the tissues in some unknown Way. All such oxidation 
processes are believed to take place in the cells, not in the 
blood; and this almost necessitates that all food shall 
become part of a cell before it is oxidised; it is not 
owidised directly. Although the food-stuffs and the 
tissues of the body are composed of the same chemical 
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compounds, it is certain that waste of any one of these is 
not repaired by a process of simple replacement by a like 
compound from the food. Fat, ¢.g., taken into the body is 
certainly not laid down as fat in the connective-tissue. 
It is probable that many changes in the arrangement of 
_the elements of food-stufts oceur before they form tissue: 
both analytical and synthetical, and force is thus alter- 
nately liberated and rendered potential; but this does 
not affect the main fact that the body ultimately obtains 
the force equivalent to the difference in heat-value 
between the ingesta and excreta. 

We have enumerated the compounds presented to cells 
in lymph, and also those which leave the body as the ulti- 
mate products of cell-action, but in no instance do we 
know the contiecting links between the end-products. 
Whilst the ingesta of cells must be tolerably uniform in 
character, their excreta are probably as various as are 
the uses of the cells in the body—witness the different 
compositions of the many secretions, and the unequal dis- 
tribution of the extractives, such as kreatin, xanthin, &c. 
The breaking-down of tissue or waste, which is going on . 
constantly on the one hand, and the building-up or repair 
which in health keeps pace with it, on the other, con- 
stitute the nutritive exchange of the cell or of the whole 
body. This process is constantly being disturbed from 
pathological causes; whilst, physiologically, formation 
exceeds waste during the period of growth, but the oppo- 
site obtains in old age, when the vital energy of all cells 
is failing, and their functions are imperfectly discharged. 

In order that the nutritive exchange of the cells of the 
body may be normal, the same conditions must be present 
which were stated to be necessary for the healthy life of an 
amoeba. These condition$ were—the possession of normal 
vital activity or ability to effect chemical change; a sufi- 
cient supply of food of suitable quality, depending in man 
upon the circulation and blood constitution; and the 
presence of appropriate surrounding physical conditiogs. 

‘To these must be added—in the case, at least, of nerves, 
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muscle and certain gland-cells—connection with a healthy 
nervous centre. When motor nerve-fibres are cut off from 
the ganglion-cells of the anterior cornu, or when sensory 
are severed from those of the posterior spinal ganglion, 
they rapidly atrophy, the axis-cylinders being probably long 
processes of these cells. Section of a motor nerve causes 
atrophy of the muscles supplied by it, and section of the 
chorda tympani is followed by wasting of the submaxil- 
lary gland. Each of these tissues has an active function 
to perform, but physiologically this function 1s never per- 
formed except in response to nervous stimulus. Removal 
of this consequently checks or annuls their nutritive ex- 
change, and deprives them of the afflux of blood which 
accompanies their action. In the above instances, the 
nervous system undoubtedly exercises a trophic influence, 
though not by means of any special trophic nerves. It is 
said by some to have the same influence over all the cells 
of the body; but this is denied by others who fully allow 
its power over nerves, muscle, and such glands as secrete, 
physiologically only in response to stimulation of special 
secretory nerves. ‘lhe question at issue is—whether the 
nervous system influences those chemical changes in which 
the life of cells, other than gland, muscle, and nerve, con- 
sists. The discussion is carried on mainly with reference 
to the “non-working cells”—connective-tissue and epi- 
dermic. Can the nervous system increase the vital 
energy of a cell, and cause it to assimilate more food, to 
grow and multiply? Can it inhibit the performance of 
these functions and produce atrophy? Or, can it so change 
the metabolism of cells that their products become irri- 
tating and cause inflammation P ‘The question is a very 
important one, and cannot at present be decided; but 
the arguments on each side will‘ve given. 

In the first place, a general objection has been raised to 
experiments having for their object to prove the presence 
of special trophic nerves—viz., that the influence of other 
kigds of nerves, especially vaso-motor, has not been elimi- 
nated. It is necessary to remember always that-after sec- 
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tion of the nerves of a limb the part beyond is insensitive, 
its muscles never contract, the atflux of blood which ac- 
companies their action is lost to the part, and the venous 
circulation no longer receives help from them. Its vessels 
at first dilate when the central control is removed, and the 
part reddens and warms from flow of a larger quantity of 
blood through it; but soon the general increase of tonus 
compensatory to the local diminution dies away, the ves- 
sels of the part remain dilated, and the flow throngh them 
becomes slower than natural; consequently the part is cold, 
and pale or bluish. After a time, however, the local vascular 
nerves gain power, and a certain amount of tonus, which 
is easily upset, is restored. Asa result of these changes 
in the nutritive and physical conditions of a part, many 
changes in it are easily explicable without calling into 
existence a special set of nerves. 

The facts which are held to prove the intluence 
of the nervous system on the nutrition of cells in 
the non-working tissues are the following:—-The fal 
in the carbonic acid discharge which occurs when 
the body is exposed to a high external temperature, 
and the increase which results under opposite con- 
ditions, show that diminished and increased chemical 
changes share with vaso-motor changes the duty of 
maintaining an average temperature. It seems most 
probable that the alterations in metabolic activity are 
owing to nerve-inflnence; but there is as yet no reason to 
suppose that this 1s exercised on tissue other than muscle. 
It has been above stated that the chemical decomposition 
which gives rise to muscular contraction occurs physio- 
logically only in response to nervous stimuli, and part of 
the force liberated appears as heat. It is possible that 
this decomposition may Ve effected slowly under nerve- 
influence without causing contraction, force being mani- 
fested as heat only. Perhaps this may be one way in 
which the rise of temperature in fever is caused. 

The diabetes which results from head-injuries and from 
puncture of the floor of the fourth ventricle, seems cer- 
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tainly to be due to a too-rapid conversion of glycogen into 
sugar in the liver-cells; and Foster inclines to the view 
that this is due to the direct action of nerves on the cells. 
But others connect the abnormal metabolism with dilata- 
tion of the hepatic arteries which always resulta from 
puncture. 

Many inflammations of skin. mucous membranes, 
viscera, bones, and joints, are described as due to section 
or irritation of trophic nerves. 

In some cases of hemiplegia (especially from heemor- 
rhage), and occasionally from sabre-wounds of the brain, 
extremely acute bedsores form on the opposite buttock ; 
and similar lesions appear over the sacrum iu paraplegia 
from sudden, extensive injuries of the cord. ‘They are 
distinguished from ordinary bedsores by the early date 
(second or third day) and acuteness of their onset, and 
the usclessness of the usual precautionary measures. 
Cohnheim objects to these, that they are but differences of. 
degree; and that there is no constancy in their occurrence 
with apparently similar lesions of any particular part of 
the cerebru-spinal axis. It certainly is strange that 
trophic influence should be so marked just at pressure- 
‘spots. In this class of cases, too, cystitis and pyelitis 
may appear at about the same time as the bedsores, and 
Charcot thinks that these inflammations are due to irrita- 
tion of trophic nerves; but, as exceedingly foul urine, 
which invariably contains organisms, is noted before, or 
with, the onset of cystitis, others believe that the latter 
is due to organisms introduced from without (often by a 
septic catheter), which render the urine extremely irritant 
by putrefaction. Similar cases occasionally occur after 
the passage of a fewcatheters in cases of enlarged prostate. 

Trigeminal keratitis, &c.—Intra-cranial section of 
the fifth nerve causes cloudiness of the cornea in twenty- 
four hours, and often destructive panophthalmitis; at the 
same time ulcers appear on insensitive parts of the mucous 
reembranes of mouth and nose. The ulcers in the mouth 
are probably due to unheeded injuries from the teeth, &c. ; 
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and it is stated that the keratitis can be prevented by most 
carefully protecting the eye from injury with the still 
sensitive ear. Ulcers on the foot, often progressive, 
after section of the sciatic are similarly accounted for. 

Pneumonia after Section of the Vagi is apparently 
due to entry of food, &c., through the insensitive glottis, 
and not to any trophic influence. It has been suggested, 
however, that the acute fatty degeneration of the 
heart, which is found in these cases, is really due to the 
removal of some action of the vagi on its tissue. 

Erythema, Urticaria, Pemphigus, and especially 
Herpes, may appear in the distribution of nerves, which 
are the seats of some irritant lesion, as after fractured 
spine, in locomotor ataxy and other scleroses of the cord, 
inflammation of the Gasserian or a posterior spinal 
ganglon. 

Serous Synovitis, and Arthritis with rapid painless 
and great erosion ef the articular ends of the bones, may 
occur in cases of hemiplegia and ataxia, and are supposed 
to be due to involvement of the cells of the anterior cornu 
by progressive sclerosis. In both these latter groups of 
cascs a causal relationship between the nervous disease 
and the peripheral lesion is very doubtful. - 

Glossy Skin (Paget).—In some cases of irritative lesion 
of the sensory nerves of hmbs (¢.g., from gun-shot), the skin 
becomes smooth, shiny, sometimes hypereemic, sometimes 
cedematous, often superficially inflamed or the seat of 
sores like chilblains; at the same time the part 1s often 
the seat of intense neuralgia. ess severe symptoms, but 
obviously similar, are seen after simple section, and are 
due to disturbances of circulation and temperature, and 
to anesthesia. 

Atrophy of parts cut°off from the nervous system. 
Muscle and certain glands have been treated of above. In 
the case of muscle, it is to be noted that if it is regularly 
exercised by the galvanic current, atrophy may long be 
postponed. In a paralysed limb all tissues ultimatey 
waste; so, also, does the face when paralysis of the facial 
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is not recovered from. This is due to impaired blood 
supply, for it occurs in limbs which are simply kept at rest. 
Atrophy of the cock’s comb and turkey’s wattles results, 
from section of their nerves, and is perhaps to be sim1i- 
larly explained. 

Hypertrophy of bone may follow section of the sciatic 
in young animals, and is inflammatory ; for it never occurs 
unless large ulcers form, extending to the bone, and even 
causing necrosis. Hypertrophy of the rabbit’s ear after 
section of its nerves has been said to occur; but many 
observers have failed to produce it, or have, at most, seen 
thickening of epidermis and hair upon it. 

There is, then, no evidence of the existence of special 
trophic nerves, and no convincing proof of the interference 
of the nervous system in the chemical processes of cells 
which perform no special function. That these processes 
may go on undisturbed in the absence of nervous influence 
is shown by the perfect development of other parts which 
is found in anencephalous and amyelous embryos; by the 
growth of transplanted epitheliam and connective-tissues ; 
and by the union of completely severed parts. At the 
same time, as we cannot offer a perfect explanation of 
many of the above-mentioned cases, we cannot say posi- 
tively that the nervous system has uo direct intluence 
upon connective-tissues and epidermic cells. In the pre- 
sent state of our knowledge, however, it is dangerons to 
explain anything by such an influence; it is better to 
leave it doubtful. 

Having now dealt with the Nutritive and Functional 
Activities, we must consider the Reproductive. In early 
life, at least, all cells possess the power of reproduc- 
ing their hike, and in the majority this power is re- 
tained, although it may not be exercised physiologically, 
up to advanced age. Cessation of growth does not 
imply absence of ability to grew, for growth seems to 
cease when the supply of nutritive matcrial to a part is 
oaly just sufpcient to maintain its status quo. This 1s seen 
in a hair, which will not grow beyond a certain length— 
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cut it short and growth at once begins again, the supply 
of food being greater than the now shortened hair requires 
for simple nutrition. To cause cells, which are capable of 
multiplying, to do so, the supply of food must be increased. 
Thus exercise of a muscle causes increased blood-supply 
and consequent growth; but increased blood-supply to 
w working tissue, without exercise, will not have this 
effect. The hyperamia round an ulcer of the skin causes 
thickening of epidermis and connective-tissues, and no- 
thing is commoner than new formation ot bone round a 
carious focus. For this effect the increased supply must 
be yery frequent or long-continued. 

The cells of the body inherit very different amounts of 
vital energy. The cellsof the thymus are soon exhausted, 
those ofthe epiphyseal cartilages later, andof the gencrative 
organs later still. In all cases, probably, the reproductive 
activity is the first of the vital manifestations to suffer ; 
then the functional and nutritive. Inability to perform 
such chemical changes as are necessary to remove 
effete material and to repair waste is natural in old 
uge; death, which may be termed natural, then results 
from “ senile decay.” 

GENESIS OF CELLS.—Virchow'’s dictum—Omuis 
cellula e cellula—is admitted now by all but a few. Itmay 
probably be added that every nucleus 1s derived from a 
pre-existing nucleus. 

Multiplication of cells takes place by simple division. 
The cell divides generally into two; and the change 1s pre- 
ceded by remarkable appearances in the nucleus, Accord- 
ing to Flemming the process of “ karyokinesis™ may be very 
briefly described as follows (Fig. 2):—First, the nuclear 
membrane disappears; then the resting nuclear net- 
work (a) becomes much fier and closer, like a ravelled 
skein ; then again more open, and, if not already so, the 
cell becomes round (lL). There seems to be now only one 
long fibre forming the nuclear network, which next 
assumes the form of a rosette or wreath (c), round a 
clear central space, whilst a clear zone intervenes ex- 
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ternally between the network and the cell-substance 
proper. By division of the external bends of the fibre, ‘and 
approximation of the apices of the V’s so as to obliterate 
the central space, a star-form—aster (d), is produced. 
The fibres at this stage often become finer and more nume- 
rous by longitudinal division from their free ends to- 
wards the centre. Instead of radiating from the centre 
they. now become first parallel, and then convergent 
towards two opposite points—the poles—of the original 
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Forms assumed by a nucleus in dividing.—a, resting 
nucleus; db, skein-form, open stage; c, wrceath-form; d, 
aster, or star-form; e, equatorial stage of division; ff 
separation more advanced; g and h, star and wreath 
forms of daughter nuclei. Jteduced from Flemming’s 
drawings in the “Arch. f. Mik. Anat.” 


nucleus, so that the fibres now form two sets of V’s with 
their angles away from the equator—equatorial stage (ce). 
A clear equatorial line appears, and widens (f), as one set 
of V-fibres retreats from the other division. From each 
group the nucleus of a daughter-cell is formed by passing 
through—in reverse order—all the stages above-mentioned 
(% and h), until the resting stage is reached. Meanwhile, 
the protoplasm of the cell-body collects round each 
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nucleus, and by the time these have assumed the wreath- 
forth its division is complete. "The daughter-cells, at tirst 
small, grow, and may themselves shortly divide ; and thus 
multiplication may be very rapid. 

The nucleus may divide several times without any divi- 
sion of the cell-body occurring ; but the latter increases 
continuously in size. hus are produced “ giant” or 
“myeloid ” cells—large, irregular, multinucleated masses 
of protoplasm, which are met with in the marrow of 
growing bone, inchronic inflammations, and in some new 
growths. (Iig. 3.) ; 
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A Multinucleated Cell, From tho lung in a case 
of Chronic Vhthisis. Showing the large number 
of nuclei with bright nucleoli, x 400, 


Finally, it remains to be pointed out, that cells originat- 
ing from one embryonic layer never give rise to cells of a 
kind formed normally from another layer. Spiblast 
forms nervous tissue, and the epithelium of sense- 
organs, of the ventricles of the brain and central canal of 
the cord, of.the skin, and of the mouth. Hypoblast 
forms the epithelium of the alimentary canal and of ail 
glands connected with it. ‘The Mesoblast forms the epi- 
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thelium of the kidney, testicle, and ovary ; the epithelium 
of vessels and serous membranes; all the connective- 


tissues; blood; and muscular tissue. 


Having thus dealt with the structure and functious of 
cells in health, we may uow turn our attention to disease. 
The functions of an organ are really the functions of the 
cells of which it consists; if all these act normally we 
say that the organ is sound; and when all the functions 
of every organ and tissue in the body are normally 
performed, we describe the individual as being in perfect 
health. <A very little experience shows that physiological 
functions vary within certain, perhaps rather wide, limits, 
the perfect well-being of the mdividual being maintained. 
Consequently our standard of Health is no rigid line; 
its maximum and minimum are widcly separated, and 
the latter shades off imperceptibly into disease. 

It will be inferred from the above that the definition 
of Disease is— abnormal performance of function by one 
or more organs or tissnes. ‘his apples to “ disease” as 
a general term; but when we speak of a specific disease, 
as rheumatism or syphilis, the cause of such disease— 
that to which the peculiar disturbances of function or 
structure, which distinguish the disease in question from 
all others, are due—is linplied in the word. The same, or 
indistinguishable, disturbances of function and structure, 
may be produced by several causes: it is the more or less 
constant grouping or sequence of symptoms or lesions 
which establishes distinct diseases. 

It is worthy of note also ‘hat the maintenance of a 
physiological maximum or minimum must be regarded as 
pathological. For example, a man out of training will 
eliminate much more urea than normal on the first day of 
@ walking tour, but the average daily elimination for the 
whole tour will not vary from the normal. If, however, 
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the. man were to go on excreting the maximum. quantity 
of the first day, his state would be one of disease. 

The complete healthy life of a cell consists in the perfect 
performance of all its functions. For this, three things 
are necessary :—Ist, that which it inherits—its vital 
energy—must be normal; 2nd, it must be supplied with 
sufficient suitable food; 38rd, its surrounding physical 
conditions must be normal. Failure in any one of these 
will lead to disease, and two great classes of diseased 
conditions are at once evident—inherited, due to abnor- 
mality of the first; acquired, due to abnormality of the 
second and third. 

Inherited Disease.— The tendency to inherited 
disease either exists in the ovum at the commence- 
ment of development, or is acquired by the ovum in 
fertilisation. Asin normal development certain organs 
manifest their inherited tendencies many years after birth, 
as the development and atrophy of the female generative 
system at puberty and menopause, the appearance and 
union of epiphyses, &c.; so inherited tendencies to disease 
—although hke normal tendencies they may appear tn 
utero—may not show themselves until late in life, as is 
the case in cancer of the breast or uterus. It is possible 
that in many cases the same unrecognised conditions 
which induced in a parent the morbid tendency handed 
down, continue to act on the offspring, until—with or 
without some obvious exciting cause—the disease becomes 
evident. We cannot say when this tendency to disease 
begins: it may have been slowly gaining strength for 
generations. The fact that no progenitor had the disease 
in question, if he or she lived well past the age at whioh 
such disease usually manifests itself, shows simply that 
the causes had not acted Igng enough or with sufficient 
energy to produce it. It is important to recognise that 
even inherited disease has its starting-point in conditions 
external to the cells of the body. 

With regard to the actual mode in which disease i» 
inherited—it is in some cases probable that the poison, the 
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actual cause of the disease, is present in the ovum or 
spermatozoon, as has been shown to be the case in‘the 
silkworm disease (Pasteur). But how disease and tenden- 
cies to diseases which are not due to any specific poison 
are handed down, we know no more than we do how it is 
that children inherit the features of their parents. 

Often, no actual disease is inherited, but the power of 
resistance of certain tissues against the causes of certain 
diseases (¢.9., tubercle) is more or less impaired; or the 
tissues degenerate early, especially in the fatty or cal- 
careous manner, so that many members of a family may 
die at about the same age from fatty heart or apoplexy. 

Acquired Disease.—Starting with an organism or 
part the vital energy of which is normal, disease, if it 
occur, must necessarily be the result of external condi- 
tions; the supply of food is faulty either in quantity or 
quality, or the physical conditions to which the partis, or 
has been, exposed are unsuitable. It is difficult to sepa- 
rate the two. If the blood-supply to a part is abnormal in 
quantity, the temperature of the part will be changed; 
if a portion of the body is mechanically injured, its blood- 
supply becomes abnormal; if a poison excites fever, the 
cells are exposed to a higher temperature than normal: a 
circulus vitiosus 18 established. Disease may be acquired 
even during intra-uterine lhfe—c.g., acute specifics, syphilis. 

General and Local Disease.— Any change 1n external 
conditions acting upon a unicellular organism would pro- 
bably affect every particle of its substance and modify all 
its functions; allits diseases would therefore be general. 
But multiplication of cells and specialisation of functions 
enable abnormal conditions to act upon certain groups of 
cells and to disturb their functions without affecting 
(primarily, at least), those of her groups. We thus get 
local disease; and the great majority of diseases belong to 
this class. Perhaps, indeed, we may say that every dis- 
ease is primarily localised in a tissue or organ—the blood 
being counted as a tissue of the connective type of which 
the intercellular substance is fluid. 
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gtructural, Organic, and Functional Disease.— 
A disease is localised in an organ or tissue during life, 
by its symptoms and by its physical signs; and after 
death, we as a rule find the localisation justified by the 
discovery in the part of some constant structural change. 
This is structural disease. In a large number of cases, 
however, there are no physical signs, only symptoms 
(epilepsy), or the physical signs are secondary to some 
primary abnormality of function in one or more organs 
(gout, diabetes). There may then be doubt as to the 
organ or system at fault; und, often, tlis doubt can be 
settled only by the discovery of a constant structural 
change associated with the symptoms in question. 
Diseases, in which no such change has been found, are 
classed as functional; the belief being that in them the 
functions of certain cells are abnormally performed, with- 
out any structural change. Modern research has greatly 
diminished the number of functional discases; but it is 
almost certain that a very large number of the shghter 
ailments are due to faults in the chemical changes (the 
metabolism) effected by cells. Organic disease probably, 
in the first place, meant that pathologists had been 
enabled to localise a disease in an organ by means of 
structural change in it. It has now come to be used as 
synonymous with “ structural.” 

AerioLoey or Diseasx.—The causes of disease are divided 
into two classes—Predisposing and Exciting. 

PREDISPOSING CAUSES.— Any agency which tends 
to cause departure from the physiological state of the 
whole body, or of a part, must be regarded as predisposing 
to disease—e.g., privation, frequent irritation. Many 
such agencies, when acting more strongly, become ex- 
citants of disease—z.¢., cause the step outside the physio- 
logical limit to be taken. If to cihated cells, detached 
from the body and acting strongly under the microscope, 
a hot iron be approached, its first effect will be to increase 
or stimulate their action; but if the iron be kept nea® 
them long, or be brought closer, their action slows and 
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ceases. If, now, the iron be removed at once, the cilia 
will after a period of quiescence begin slowly to work— 
one here, one there, then all—and may finally recover 
completely. This was an experiment of Lister, as also 
was that of showing the resolution of inflammatory 
stasis in the amputated web of afrog. They illustrate 
a point of fundamental importance in pathology—the 
inherent power of every cell to recover after injury. They 
show for the elements what every one knows of the whole 
—namely, that, ceteris paribus, a strong man will recover 
from a disease which would be fatal to a weakly one. It 
is certain, too, that the “ life’ of cells resists the action 
of injurious agencies; and that this power of resistance 
varies in the cases of different tissues—e.g., the rabbit’s 

ear resists the effects of anwmia much longer than a 

knuckle of its intestine; and also in different individuals. 

Thus, it is a common observation that certain people, 

who have not suffered from the acute specifics, tend those 

ill of these diseases without themselves catching them ; 

whilst others again fall victims to them, one after another, 
though not specially exposed. Such power of resisting 
certain causes of disease does not imply ability to resist 
others of a different nature; nor does it necessarily go 
with muscular strength. It varies at different times in 
the same individual. 

The following predisposing causes are generally 
considered :— 

Age.—Special treatises have been written on diseases 
of childhood, and on diseases of old age, showing that 
there are peculiarities with regard to disease at these 
periods of life. The special habilities of childhood are 
to some extent explained by supposing that the power 
of resisting injury, which alk cells possess, is not fully 
developed until adult age; those of old age, by the fact 
that the vital powers are wearing out, and degeneration 
occurring. 

Sex.— The organs special to the sexes render each liable 
to special diseases. That women are the special victims. 
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of Jysteria is probably due to the fact that for genera- 
tions it has not been considered unwomanly for a woman 
to display feelings which it has always been the object of 
men to conceal. But we cannot explain the special 
liability of women to endemic and exophthalmic goitre 
and myxcedema, nor their comparative immunity from 
Addison’s disease, ataxy, and general paralysis. 

Heredity.—It has already been stated that feeble vital 
power, without actual disease, may be the heritage of the 
body, or one of its parts. It may be noted further that, 
hike physiological and personal peculiarities, disease some- 
times skips one or more generations (atavism)—e.g., gout. 
In other cases, as in hemophilia, the distase appears 
generally in the males only; although the females may, 
without themselves manifesting it, transmit it to their 
offspring. 

The diseases which most obviously “run in families” 
are :—functional nervous disorders—hysteria, neuralgia, 
epilepsy, insanity, and they are more or less interchange- 
able; carcinoma, especially of the breast and uterus; and 
some simple growths, especially if multiple (lipomata, 
osteomata, papillomata); gout, tubercular disease. 

Effects of Previous Disease.—Some diseases, when 
once acquired, tend to recur again and again. This may 
be because the tissue affected is at the onset incapable of 
normal resistance; or because, having once been injured 
by the disease, it does not recover its pristine state. Sir 
J. Paget points out how exactly the form and structure 
of a scar are preserved through years; almost as exactly 
as are those of normal parts which have never been altered 
by disease. He thinks that this maintenance of the parts 
in the state to which they have been brought by the 
injury, accounts for their’ yielding more and more easily 
each time they are exposed to the action of the same 
cause. Catarrhal inflammations of mucous membranes, 
rheumatism, and facial erysipelas are familiar examples 
of diseases which tend to recur. @ 

On the other hand, there are several diseases which are 
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said to be “ protective against themselves.” An individual 
who has had small-pox is, for a time at least, not lable 
to the disease. This, too, Paget explains by supposing 
that the effect of the discase upon the blood-forming 
organs is so to modify them that they no longer produce 
the pabulum necessary for the growth of the small-pox 
poison. If small-pox be caught a second time, he regards 
it as a proof that the blood-forming organs have returned 
to the normal, in accordance with the law above-men- 
tioned—that injured tissues tend to recover. 

Certain other discases, again, seem to modify very 
deeply the functions of the body. Many years after these 
illnesses, it is found that diseases, which seem at first 
sight to have nothing to do with them, yield only to the 
treatment proper for the original malady. Such are 
malarial fever, syphilis, gout. 

EXCITING CAUSES.—These may all be ranged 
under the headings of Abnormal Food-supply and 
Abnormal! Physical Conditions. 

Abnormal Food-supply.—'l'his may be due to errors 
in the circulation or in the composition of the blood. It 
may result from hyperzemia or anemia; from all abnor- 
malities in blood-constitution, whether due to faults in ita 
formation or purification, or to the introduction of poisons 
from without. 

Abnormal Physical Conditions.—These include in- 
juries from any one of the physical forces, applied either 
from without, or, so to speak, from within; the results 
of mechanical obstacles to discharge of function or of 
contents—e.g., stricture of a duct or orifice, strangulation 
of gut, pressure, and the mechanical effects of parasites. 


Mopr or Extension or Diskast.—Primary disease of 
an organ or tissue is frequently followed by secondary 
disease of other parts. This may happen in several 
Ways -— 

1. By direct spread of a morbid process, as when in- 
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flagamation extends from skin to subcutaneous tissue, or 
cancer of the mamma involves skin. 

2. By the carriage of causes of disease from a 
primary focus to parts at a distance, by the lym- 
phatics or by the blood-vessels, as in embolism of the 
most varied substances. 

3. Mechanically, by so-called “ Back-telling.’ Thus 
stricture of the urethra causes hypertrophy of the bladder 
to overcome the obstacle to the outilow of urine, or dilata- 
tion of the bladder if its efforts are futile. In either case, 
the difficulty of entry of urine into the bladder is increased, 
and the ureters, pelves, and kidneys dilate. Interstitial 
nephritis results from the pressure, the renal functions 
are imperfectly performed, and this is detrimental to the 
organism at large. ‘The succession of changes which 
result from mitral incompetence is another familiar 
example of this mode of extension of disease. 

4. Failure of any part to do its share of work 
in the economy. ‘The result will depend upon the com- 
pleteness with which its defection can be compensated. 
If the work can be done by other parts, as can that of a 
sweat or sebaceous gland, nothing is noticed; but after 
extirpation of a kidney which was doing work, a time of 
danger from diminished excretion of urinary products has 
to be gone through, the other kidney being at first 
unequal to the double duty. Failure of the cardiac or 
of the respiratory function will cause death, there being 
no power of compensation. 


TERMINATIONS OF DisEasxe.—The possible terminations 
of disease are recovery, or return of the part to the 
discharge of its normal fifnctions; partial recovery; and 
death, or complete cessation of function. Certain dis- 
eases can scarcely be said to have a termination; when 
once established they remain stationary. 


CHAPTER I. 
NUTRITION ARRESTED. 
NECROSIS. 


Tue absolute and permanent arrest of the performance of 
function in a part constitutes necrosis, gangrene, or local 
death. 

ETIOLOGY.— Whatever interferes with the supply of 
nutritive material to a part, or destroys the vital activity 
of its cellular elements, may cause its death. 

A. The supply of nutritive material may be mterfered 
with by :— 

1. Obstruction in the Arteries.—This is a common 
cause of necrosis. The obstruction may be caused by 
compression by ligature, tumour, &c., by rupture, throm- 
bosis, or embolism, or by disease of the arterial coats. If 
the obstruction be complete and a collateral circulation 
cannot be established, death of the part quickly ensues. 

2. Obstruction in the Capillaries.—Obstruction here 
is often the result of pressure upon or stretching of the 

vessels. This may take place from the accumulation of 
inflammatory products, hemorrhage, or from the pressure 
exercised by new growths. The resulting obstruction to 
the capillary circulation causes the death of the im- 
mediately adjacent tissues. As examples of necrosis from 
this cause may be mentioned that of the superficial layers 
of the bone which so frequently resalts from periostitis, 
owing to the compression of the capillaries between the 
bone and the periosteum ; the sloughing of tendons in whit- 
lows before they are opened ; and the formation of ordinary 
bed-sores. When inflammation causes gangrene itis ulti- 
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mately by the production of stasis, leading to death of the 
tissues from malnutrition and coagulation of blood in their 
capillaries. Whenever necrosis of a tissue occurs, the 
blood coagulates in its capillaries; and thus hemorrhage 
from gangrenous parts is prevented. 

3. Obstruction in the Veins.—Obstruction to the 
return of blood by the veins must be so complete in order 
to arrest nutrition that it is in itself rarcly a cause of 
necrosis. It is when associated with cardiac weakness or 
obstruction in the arteries that it constitutes an important 
agent in producing this result; for then the force neces- 
sary to drive the blood on through the much narrowed 
venous channel is quite inadequate. This is seen after 
ligature of a main artery and its vein, and in accidental 
injury of the vein during the operation of ligature of a 
large artery, especially in the thigh ; alsu in constriction 
of a part by a bandage not tight enough to occlude the 
arteries. 

4, Diminished Cardiac Power.—This is never in- 
dependently a cause of necrosis. In cases, however, of 
excessive general debility, or disease of the cardiac sub- 
stance, the consequent diminution in the contractile power 
of the heart materially aids the foregoing causes in pro- 
ducing a fatal blood-stasis. The arrest of the circulation 
in “senile gangrene,” and that which so often occurs in 
the tissues of the back in adynamic fevers and in chronic 
exhausting diseases, is in part the result of diminished 
cardiac power. This arrest in the last-named conditions 
is usually determined by some injurious irritation of the 
tissue—in other words, it is a part of an inflammatory 
process. 

©}. Inflammation.—As a cause of necrosis, inflamma- 
tion belongs partly to grdup A, and partly to group B. 
The effect of the inflammatory process is to impede or 
arrest the circulation, and to impair the vitality of the 
affected part, and the intensity of the process may be su 
great as to cause coagulation in the capillaries and death 
of the tissue (see “ Inflammation”). When a strangulated 
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or invaginated piece of gut is released and the ce 
lation is re-established, severe inflammation, perhaps 
leading to gangrene, frequently ensues. Cohnheim’s 
experiment of tying off a rabbit’s ear has been repeated. 
It is of practical importance to note that inflammation 
sets in only on re-establishment of the circulation—z.c., 
when the gut is returned to the peritoneum ; there is none 
whilst it is in the sac. A much contused and lacecrated 
part may ultimately be killed by the pressure of the effu- 
sion from its injured vessels still further impeding the 
flow through them. Certain inflammations have a special 
tendency to terminate in necrosis, as diphtheria, carbuncle, 
noma, “hospital gangrene,’ and spreading traumatic 
gangrene. In these conditions the intensity of the injurv 
to the tissues is probably due to the action of minute 
organisms. In all cases, the more impaired the nutri- 
tion of the part which becomes the seat,of an inflammatory 
process, the more likely is this to cause its death. 

B. Destruction of the activity of the cellular elements 
may be caused by :— 

Physical and Chemical Agencies.—A part may be 
completely disorganised and lose its vitality as the result 
of external violence, great heat, or cold. Many corrosive 
chemicals, as acids and caustic alkalies, destroy the life 
of cells. Normal urine is very irritating, often exciting 
extensive sloughing when extravasated from a ruptured 
urethra. Putrid urine or foul secretions from'’wounds are 
even more intensely irritant, sometimes directly destroy- 
ing the cells ike a caustic. As mentioned in the last para- 
graph, organisms other than those of putrefaction have a 
similar effect. These physical and chemical causes fre- 
quently produce necrosis Pa exciting, in the first place, 
acute inflammation. 

These are the several causes of necrosis; but it must 
be borne in mind that the process is often complex, and 
due to the combined influence of two or more of them. 
ethe lability to necrosis will greatly depend also upon 
the power of the tissues to resist injury, This varies, 
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probably, in different individuals, and, certainly, in differ- 
ent tissues in the same individual—intestine, for example, 
being much less resistant to injury than skin, Conditions 
which lead to the death of a part in which the circulation 
was already impeded, or the vitality of the cellular ele- 
ments impaired, produce no such effect where such local 
weakness does not obtain. This is well exemplified by the 
necrosis of the tissues of the back from pressure, which 
so often occurs in conditions of debility ; by varicose ulcers 
of the legs; by the gangrene of the extremities which 
sometimes results from the long-continued ingestion of 
ergot; and especially by senile gangrene. 

Senile Gangrene.— his is a form of necrosis which 
affects especially the lower extremities of old people, and 
is the result of several of those etiological conditions 
which have already been enumerated. 

The most important clement in the production of senile 
gangrene is the presence of athcromatous or calcareous 
changes in the arteries of the limb, which greatly diminish 
their elasticity and calibre, and proportionately impair 
the circulation in and nutrition of the part. This is 
shown by the coldness of feet, cramps, and other abnor- 
mal sensations so often experienced by the patient for 
some time before the gangrene sets in. The slowing of 
the circulation 1s usually much increased by simultaneous 
atrophy or degeneration of the muscular substance of the 
heart itself. The prolonged contact of the blood with an 
abnormal vessel-wall, thus brought about, is sometimes 
‘sufficient to cause the formation of a thrombus in the 
artery, which slowly spreads until it may extend from the 
foot to the groin. Gangrene begins in one or more toes, 
and also extends slowly. It is surprisingly limited; thus 
the whole foot may not be g#ngrenous where the thrombus 
extends into the popliteal artery. In other cases embolism, 
with superadded thrombosis, may be the starting-point— 
a chalky plate or a parietal thrombus being swept from a 
large into a smaller artery. Finally, the gangrene may,, 
be inflammatory, due to some very slight injury, such as 
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a slight abrasion of the foot, the cutting of a corp, or 
excess of heat or cold, acting upon the under-nourished 
vessels and tissues. 

THE CHARACTERS OF THE DEAD PART.— 
These vary according to whether the part dries or remains 
moist and putrefies. These two varieties are spoken of 
a3 Dry and Moist Gangrene. 

Dry Gangrene or Mummification.—The conditions 
favourable to the occurrence of this are :—Cuausation of the 
necrosis by interference with the supply of blood to the 
part, the veins and lymphatics being left free; such position 
of the part as shall favour the return of fluid by veins 
and lymphatics; slow progress of the gangrene; removal 
of the epidermis, which much impedes evaporation; free 
exposure to a current of cool or hot dry air; and the 
predominance in the part of such tissues as naturally 
contain but httle fluid—bone, cartilage, and tendon. 
Undér such circumstances the part, which is pale, slowly 
shrivels, becoming brown or black; and beyond the drying, 
its tissues undergo little change. Dry gangrene often 
results from embolism, from slowly progressing arterial 
thrombosis, and from the prolonged administration of 
ergot of rye. 

Moist Gangrene.—Under opposite circumstances, 
where, from an acute inflammation, or from venous obstruc- 
tion combined with a weak arterial supply, a part, consist- 
ing largely of muscle and other soft structures, becomes 
rapidly gangrenous, it is gorged with an albuminous fluid, 
full of breaking-down red blood-corpuscles, The hzemo- 
globin of these forms a red solution which soaks into and 
stainsall the tissues. The limb is much swollen, of purplish 
colour, and often studded with bullee of blood-stained 
fluid. If such a part is exposed to warm, moist air, septic | 

bacteria quickly enter through the skin, multiply rapidly 
in the highly putrescible fluid, and generate by their 
action gases—chiefly sulphuretted hydrogen, ammonia, 
“nitrogen, and carbonic acid—which give rise to the 
emphysematous crackling so often associated with gan- 
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greye. The tissues soften and liquefy, the whole part 
becomes exceedingly offensive, and its tissnes change 
in colour from reddish- to brownish- or greenish-black. 
For putrefaction to occur it is absolutely essential that 
the bactcrium termo be admitted to the part; conse- 
quently such changes are met with chiefly in external 
parts or internal organs to which air has free access. 
When the life of an internal organ or part is destroyed, 
as by infarction, but bacteria are not admitted to it, its 
tissues undergo a series of degenerative fatty changes 
known as neerobiosis. 

COURSE.—Gangrenemay be circumscribed orspreada- 
ing. ‘he course varies chiefly with the cause; but the 
resistance of the tissues, depending upon their vital 
energy and blood supply, must always be taken into 
account, for causes which have little effect on healthy 
tissues lead to sloughing in the aged (p. 28), the diabe- 
tic, albuminuric, or intemperate. 

With regard to the first factor—circumscribed gangrene 
implies a circumscribed cause. . This form is exemplified 
by the death of tissue resulting from mechanical violence, 
the actual cautery, complete stoppage of the circulation, 
&c. On the other hand, spreading gangrene necessitates 
a cause which spreads before it. Thus gangrene from 
arterial thrombosis often spreads, but slowly and with a 
well-defined margin. But the typical spreading gangrenes 
are those due to inflammation, in which, probably, the 
action of organisms on the fluids of the part provide 
fresh quantities of the irritant. 

When the process becomes circumscribed, the dead 
tissue—sphacelus or slough—acts as an irritant to the 
adjacent living structures, causing more or less inflamma- 
tion of them. Ifthe slough is aseptic, the inflammation 
is slight—leading merely to the formation of a layer of 
connective-tissue round the dead mass by which it 
becomes encapsuled. This occurs especially in internal 
parts, and is best illustrated by the fate of simple 
infarcts. When thus encapsuled the dead part ceases to 
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irritate ; it becomes decolorised, fatty, infiltrated gvith 
small round cells, and is converted into a small fibrous 
scar, which may calcify. 

When the slough is superficial it generally putrefies 
and becomes strongly irritant; but mummification will 
prevent this. The inflammation of living tissue round the 
now limited slough is spoken of as the line of demar- 
cation. Exudation and migration occur freely into a 
narrow zone of living tissue surrounding the edges and 
base of the slough, fibres and all firm connections between 
the living and dead tissues are softened and eaten 
through, and, finally, the slough is cast off when this 
process is complete, by suppuration occurring along the 
line of demarcation. If the whole thickness of a limb 
dies, the stump left by casting off the sphacclus will be 
conical; for the soft parts retract somewhat, and the 
bone separates lower down. The less vascular a tissue, 
the longer is the time occupied in its erosion—e.y., fascia, 
tendon, bone. After removal of the slough, an ulcerated 
surface is left. If the dead mass be deeply seated, and 
suppuration occur about it, fistules form, leading from it 
to the surface; through which it may ultimately be cast 
off. This is seen in necrosis of bone. 


POST-MORTEM CHTANGES. 


The changes which always occur in tissues after death 
must now be considered more particularly. Firstly, with 
regard to the blood :—This fluid undergoes the earliest 
and most rapid change. The haemoglobin escapes from 
the red corpuscles, partly by exudation, and partly by 
the destruction of the corpuscles themselves, and, dis- 
solved in the liquor sanguinis, permeates the surrounding 
tissues. The corpuscles are ‘ultimately completely anni- 
hilated, nothing remaining but a few minute granules. 
The staining of the tissues with hamoglobin is commonly 
known as post-mortem staining, and the appearances it 

epresents are very characteristic. The liming membrane 
of the heart and bloodvessels, being in immediate con- 
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tactgwith the blood after death, are the parts principally 
affected. The staining is of an uniform pinkish-red 
colour, thus differing from the punctiform and stratiform 
redness of hyperamia, from which it must be carefully 
distinguished. The amount of staining is in proportion 
to the rapidity with which decomposition has taken 
place, and to the amount of blood contained in the part 
at the time of death. Marked staiming of the endo- 
cardium and great vessels soon after death is a sign of 
septica:mia. 

In muscle the arrest of nutrition 1s accompanied by a 
state of rigidity, known as the Rigor Mortis. This is a 
peculiar condition of the muscles observed in almost all 
bodies after death, in which they become firm and some- 
what shortened, as though in a state of chronic coutrac- 
tion. It comes on as soon as the muscles have lost their 
irritability—i.e., their capability of responding to arti- 
ficial stimulation; in other words, as soon as the 
nutritive processes have completely ceased. The time of 
its appearance will therefore depend upon the state of 
nutrition of the muscles at the time of death; the more 
healthy and vigorous this is, the longer it is before 
the nutritive processes completely cease, and con- 
sequently the longer it is before the rigor mortis 
supervenes. The length of its duration and its in- 
tensity are in direct proportion to the lateness of its 
appearance. In people, for example, who are in per- 
fect health and dic suddenly, as from accident, the rigor 
mortis does not usually come on until from ten to 
twenty-four hours after death; it is very marked, and 
often lasts two or three days. In those, on the other 
hand, who die from some exhausting disease, as from 
chronic phthisis or the adYnamic fevers, in which the 
nutrition of the muscles becomes much impaired, the 
rigor mortis appears very soon, sometimes as early as 
ten minutes after death; it is very slight, and may pass 
off in less than an hour. It has been said that in cases: 
of death from poisoning by carbonic acid and sulphuretted 
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hydrogen, from lightuing, and from some of the seyerer 
forms of the adynamic fevers, the rigor mortis is entirely 
absent. It 1s doubtful, however, if this is the case, as 
the rigor mortis has probably escaped observation, owing 
to its early supervention and rapid disappearance. As 
soon as the rigor mortis has passed off, decomposition of 
the muscular tissue commences, 

With regard to the nature of the change, Kiihne and 
others have shown that it is really owing to the coayula- 
tion of the albuminous substance of the muscle—myosin. 
The myosin, fluid during life, coagulates when nutrition 
has ceased, the coagulation being attended by the libera- 
tion of a free acid. Thus are produced the firmness, 
hardness, and opacity of the muscle characteristic of 
rigor mortis. These disappear as soon as decomposition 
commences; the transverse striation of the fibres 
becomes indistinct, and gives place to irregular rows 
of granules and fat-molecules, the muscle softens, its 
sarcolemma is destroyed, and ultimately nothing re- 
mains but a soft structureless débris. This change 
occurs not only in muscle; in the cells of other tissucs a 
similar coagulation of the protoplasm takes place on the 
cessation of the nutritive processes, 

Respecting the post-mortem changes in other tissues— 
protoplasm generally not only coagulates, but tends to 
become finely granular after death. It sometimes in- 
creases in size so that the cells look swollen; and in 
nucleated cells the nucleus often shrinks or entirély dis- 
appears. The cells ultimately break up into molecules | 
of various sizes. In adipose tissue, the cells diminish in 
size, owing to the escape of the fluid fat, which diffuses 
itself throughout the surrounding structures. The fibres 
of connective-tissue swell up, become opaque, and ulti- 
mately liquefy. In nerve-fibres, the white substance of 
Schwann coagulates and collects into small drops 
(myelin) within the neurilemma. Cartilage and bone 

eresist the putrefactive process longer than any of the 
tissues, and are the least altered by it. 


33 


CHAPTER II. 
NUTRITION IMPAIRED. 


Ir has been seen in the preceding chapter that absolute 
arrest of nutrition is followed by complete cessation of 
all manifestations of vitality and function, constituting 
necrosis or local death. Those conditions must now be 
considered in which the interference with nutrition, for 
the most part, falls short of absolute arrest, and m which 
impairment of vital energy is the characteristic, death 
being only an occasional consequence. Such conditions 
are comprised under “ Atrophy” and “ Degeneration.” 


ATROPHY. 


Atrophy must be carefully distinguished from arrested 
development. Jt is a decrease in the amount of a tissue, 
owing either to diminution in the size or in the number 
of the histological elements of which it is composed. It 
is attended by loss of weight and impairment of func- 
tion. When the elements are diminished in size only, it 
is called Simple Atrophy ; when the number is diminished 
it is called Wumerical Atrophy. ‘These two varieties are 
often associated, the latter being an advanced stage of the 
former. 

Simple diminution in size of the elements of a tissue 
is the most common condition met with in atrophy, and 
may affect all tissues, as 1s well cxemplified by what takes 
place in ordinary emaciation. Thus, adipose tissue is 
merely common connectivetissue, many cells of which 
are distended with fat. .When a person emaciates, the 
fat is gradually removed from the cells, so that they 
diminish in size, and the fat which completely filled the 
cell may be reduced to a few isolated drops; the cell-wall, 
and nucleus at the same time often become distinctly 
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visible (Fig. 4). Here there is no destruction of the cglls, 
no diminution in their number, but simply the removal 
of some of their contents. As the fat is removed from 
the cells, it is usually partially replaced by a serous fluid. 
Multiplication of the nucleus is also often observed. The 
cells of all glands may thus become atrophied, and so 


Fig. 4. 





Adipose Tissue. A. Normal. B. Atrophic, from a case of 
phthisis. a. A single fat-cell, with cell-wall, nucleus, and 
drop of fat. x 300. (Virchow.) 

produce a diminution in the size of the whole organ. 
Muscular tissue also may atrophy by simple diminution 
in the size of its primitive fasiculi; and here, as in adi- 
pose tissue, the process appears often to be associated 
with a multiplication of the nuclei of the muscle. In all 
these cases the elements remain almost unchanged ; hence, 
all that is necessary for restitution of the tissue is a 
diminution of waste, or an increase of repair, according as 
the one or the other 1s faulty. 

A diminution in the number of elements—numerical 
atrophy—is often an advanced stage of simple atrophy. 
The elements not only diminish in size, but some of them 
actually perish and cease to‘sxist as vitalagents. It is 
well seen in advanced atrophies of muscle. In it, resti- 
tution is possible only by the production of new elements, 
whereas in simple atrophy repair can be effected without 

~new formation. In certain tissues, in which growth 
occurs by addition of new elements, and not by enlarge- 
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ment of pre-existing cells—as the spleen, lymphatic 
glands, and skin—atrophy is probably always due mainly 
to numerical loss. 

Atrophy may be general—affecting to a greater or less 
extent all the organs and tissues of the body, or it may be 
local and limited to particular parts. In general atrophy 
the stress falls at first upon the subcutaneous adipose 
tissue, then upon the adipose tissue in other situations, as 
that surrounding the visccra and in the omentum, then 
upon the muscles and glandular organs, and lastly on the 
osseous and nervous structures. 

Although atrophy in its strict signification consists 
simply in a diminution in the size or in the number of the 
component elements of a tissue, it is rarely a perfectly 
simple process, but is usually associated with more or less 
fatty degeneration. This indicates fault in the chemical 
processes of the cells. Probably, when the nutrition of a 
part isso much interfered with as to cause it to atrophy, 
those portions of its cells, which should be combined with 
oxygen and rendered soluble, remain; fatty degeneration 
is the natural fate of protoplasm under such conditions. 
It is possible, too, that an atrophying tissue would not 
store sufficient oxygen for its use. It will be seen sub- 
sequently that fatty degeneration arises from causes 
similar to those which produce atrophy itself. 

ETIOLOGY.— Atrophy of the whole body or of a part 
is sure evidence that the total or local nutritive exchange 
is disturbed so that waste exceeds repair. This is the 
immediate cause of all atrophies. Repair may be deficient 
because of insufficient supply of food, or because of in- | 
ability on the part of the tissues to use the food supplied. 
The circumstances which excite excessive waste in cells 
are but little understood (see’ “ Effect of Nervous System 
upon Nutrition,’ p. 11). It is convenient to speak of 
general atrophy as distinct from local. 

General Atrophy may be caused by :— 

l. Deficient Supply of Nutritive Material.— What- @ 
ever interferes with the supply of nutritive material to 
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the tissues will be followed by their atrophy. Defigent 
supply of food; obstruction to the passage of the food 
into the stomach or intestines, as in stricture of the 
cesophagus or pylorus ; the mal-assimilation which results 
from the various conditions giving rise to dyspepsia; 
interference with the absorption of the chyle, from obstruc- 
tion of the thoracic duct, or disease of the mesenteric 
glands constituting the so-called “tabes mesentérica ;” 
may all in this manner be causes of general atrophy. 

2. Excessive Waste.— All those conditions which are 
attended by the loss of large quantities of nutritive 
* material may be causes of general atrophy. Such condi- 
tions are furnished by continuous hemorrhages, profuse 
and Jong-continued suppuration such as often occurs in 
caries of the spine and empyema, diarrhoea, and the excre- 
tion of large quantities of albumen or sugar, as in Bright’s 
disease or diabetes. The waste resulting from the in- 
creased tissue-change which accompanies acute febrile 
diseases must also be included under this head. . 

3. Impaired Vital Activity.—This constitutes an 
important elementin the production ofthe atrophy of old 
age—-senile atrophy. As life advances, the ability of 
the elements to perform those chemical processes which. 
are necessary to prepare and assimilate food to compen- 
sate for waste gradually diminishes ; hence they gradually 
atrophy, and ultimately all manifestations of their vitality 
may ccase. 

Although general atrophy may thus be referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, results partly from the loss of 
nutritive material in the ‘profuse expectoration and 
diarrhoea, partly from the deficient supply consequent 
upon the imperfect oxidation of the blood and upon the 
interference with assimilation which is so often caused by 
structural changes in the stomach and intestines, and 
partly from the increased tissue-change of fever. In 


ATROPHY. 37 


senale atrophy, again, in addition to the general diminu- 
tion of nutritive activity, there is frequently some condi- 
tion of the digestive organs interfering with assimilation 
which materially aids m producing the ultimate result. 
Increased tisstie-waste, loss of appetite, and interference 
with assimilation are all causes in the production of the 
atrophy which accompanies fever. 

Local Atrophy.—In dealing with local atroplry, it 1s 
much more difficult to discover which of the factors in 
the nutritive exchange is at fault. The first group is a 
simple one. 

1. Deficient Supply of Nutritive Material.—Thc 
effect of diminishing the blood-supply to a part will vary 
with the amount of diminution from slight atrophy, to 
death. 

Diminished supply of arterial blood is a common cause 
of atrophy, and may be brought about in various ways. 
(1.) By obstruction of the supplying vessels before they 
enterapart; thusatrophy of thetestis may result from pres- 
sure of an abdominal aneurism on its artery, and wasting 
of the proximal fragment of a long bone may follow its 
fracture above the point of entry of the nutment artery. 
(2.) Pressure may be continuously exer¢ised upon a part, 
in such a way as not to constrict the vejns specially ; 
thus is produced atrophy, even of bones, from pressure of 
aneurisms and tumuurs, deep fissures in organs like the 
liver by pressure of band-like adhesions, atrophy of 
kidney from obstruction in urinary passages, and, rarely, 
wasting of a testis by pressure of old hawmatoceles or 
hydroceles. (8.) Pressure may be developed within the 
capsule of an organ by the appearance of some new growth, 
or of some inflammatory effusion—espcecially that of small 
round cells going on to the formation of young, strongly 
contractile connective-tissue. The effect of this is seen in 
granular contracted kidney, cirrhosis of the liver, and 
indeed in all “ sclerosing” processes. In groups (2) and 
(3) the pressure must also act directly on the cells of® 
the part and so impair their powers. These groups 
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include the atrophies commonly known as presmure- 
atrophies. 

‘2, Diminished Functional Activity.—This is a con- 
venient clinical group, many examples occurring both 
physiologically and pathologically. But diminished func- 
tion is never more than the remote cause of atrophy, 
the immediate, being either deficient supply of food or 
impaired vital energy. 

Diminished functional activity of a part means that 
the chemical processes going on in its cells are less 
active than normal, and such cells will require less food. 
The means by which the needs of each tissue are made 
known to the blood-forming organs is not understood ; 
but the supply is, as a rule, speedily adapted to any 
variation in their wants. Consequently, working tissues 
will, soon after they have ceased to perform their func- 
tions, receive only sufficient material for those chemical 
processes which do stillgooninthem. This is insufficient 
to maintain the mass of protoplasm required to do the 
full work of the tissue; so some of it atrophies. 

After birth, those parts which are no longer required in 
the altered circulation gradually atrophy. ‘he umbilical 
arteries and vein become thrombosed up to their first 
branches, and shrink to a fibrous cord as the clots organise. 
Bat this does not explain the closure of the Ductus venosug 
or D. arteriosus, in which the conditions are not favour- 
able to thrombosis. Obliteration of these vessels can at 
present be spoken of simply as a developmental fact, 
comparable to closure of the foramen ovale. The thymus 
disappears in the second year ; the female generative appa- 
ratus atrophies at from forty-five to fifty, the male some- 
what later; the spleen and whole lymphatic system waste 
after middle life. Probably in these cases the vital energy 
of the cells of the parts concerned is exhausted about the 
times mentioned, and diminished function is the result— 
not the cause. They would then be of the same nature as 

¢ senile decay. 

Thus, muscles rendered inactive by ankylosis or 


ATROPHY. 3g 


chxypnic disease of joints, by splints, or by paralysis 
from disease or injury above the anterior cornual cells 
with which they are connected, atrophy. When the 
muscles of a part waste, all its other tissues—nerves, 
vessels, bones, &c.—suifer ultimately from impaired 
blood-supply. Thus, in part at least, we may explain 
wasting of the bone in a stump or in a limb long kept at 
rest; the absence of that intermittent pressure, which it 
is the function of bones to bear, is probably a secondary 
cause. The rectum dwindles after colotomy to a scarcely 
pervious cord; in addition to the loss of muscular action, 
no doubt, passage of feces over the mucous membrane 
acts as a stimulant to its vessels, and, as it is never dis- 
tended, the tissues adapt themselves to the empty condi- 
tion. Atrophy of the optic nerve follows on removal of 
the eyeball. 

But when a muscle is cut off from its connection with 
its cells in the anterior cornu, or when these cells are 
destroyed or seriously injured, an atrophy of the muscle, 
which is much more rapid than that resulting from 
diminished functional activity, sets in. In the latter 
case, those changes which nervous stimuli alone can 
physiologically excite, probably go on (p. 9); but in the 
former they are completely arrested. Examples of this 
atrophy are afforded by the acute bulbar and spinal 
paralysis of adults, infantile paralysis, some cases of pro- 
gressive muscular atrophy, neuritis from any cause, 
rupture, contusion, or section ofa nerve. Certain glands 
(salivary, testisP) waste on section of their nerves. 
Nerves cut off from their ganglion cells also degenerate 
rapidly, and waste. These are spoken of as tropho- 
neuroses (see p.8). In all of these the interstitial con- 
nective-tissue increases, and often becomes loaded with 
fat as the higher tissue disappears. 

3. Excessive Functional Activity.—This may, quite 
exceptionally, be a cause of atrophy—e. g., of testis. = 
also “ Hypertrophy of Muscle,” p. 113). 

PHYSICAL CHARACTERS. — The estimation of 
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atrophy is often a matter of considerable difficulty. ‘Phe 
great criterion is diminution in absolute weight. The 
weight of an organ, however, varies considerably in 
health ; it varies with the weight of the body as a whole, 
and it may be less than natural from incomplete develop- 
ment. The same is true also of the muscular and osseous 
systems. An accumulation of blood and serosity in an 
organ may again increase its weight, and thus constitute 
a source of fallacy. This is often the case in organs 
which, have been for some time mechanically con- 
gested, in which, although their size and weight may 
be increased, their tissue is considerably diminished in 
amount. 

Organs which are atrophied are usually diminished not 
only in weight, but also in size. In most cases they con- 
tain less blood, they are drier, firmer, and more fibrous 
in consistence than in health. Their functional powers 
are invariably diminished. The whole of the textures of 
which an ergan is composed may suffer; some, however, 
usually do so more than others. The fibrous constituents 
are the last to atrophy; hence the firmness, toughness, 
and loss of elasticity so commonly met with in the atro- 
phied parts. In glandular organs, the secreting cells are 
usually the first to show signs of atrophy; they become 
smaller, and are often fincly granular, from the presence 
of molecular fat; the vessels and nerves also share in the 
wasting process. In the subcutaneous cellular tissue, 
the fat is gradually removed from the cells, which thus 
diminish in size. In muscles the primitive fascicuali 
become smaller, and their transverse striw gradually dis- 
appear; ultimately the whole of the contents of the 
sarcolemma may be entirely removed, and nothing re- 
mains but the connective tissue. This process is usually 
accompanied by more or less fatty degeneration of the 
muscular fibres, and in some cases by the development 
of fat Letween the fasciculi. (See ‘ Fatty Infiltration of 
Muscle.”’) . 
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ATROPHY OF BONE. 


Atrophy of bone is always attended by a diminution in 
weight, but not always by a diminution in size. It is 
met with in two forms. In onc, the compact and can- 
cellous tissue gradually become absorbed, the medullary 
canal diminishes in size, and the whole bone thus becomes 
smaller, This is known as concentric atrophy. It is 
met with especially in the long boyes in cases of long- 
standing anchylosis, dislocations, or paralysis. 

In the other variety of atrophy there is no diminution 
in the size of the bone, but merely a gradual conversion 
af compact into cancellous tissue. The whole bone thus 
becomes rarefied, and it is exceedingly light and brittle, 
so that it fractures with great facility. This, in contra- 
distinction to the former variety, is known as eccentric 
atrophy. It is usually met with as a senile change, and 
is in most cases accompanied by more or less fatty dege- 
neration. 


PULMONARY VESICULAR EMPHYSEMA. 


This appears to be the proper place to describe the 
changes met with in the lungs in emphysema, inasmuch 
as these changes are characterised mainly by atrophy of 
the walls of the air-vesicles. ; 

Emphysema consists essentially in a permanent en- 
largement of the infundibula and air-vesicles in larger or 
smaller areas of the lungs. The dilatation appears 
usually to commence in the infundibulum, and to extend 
from this to the air-vesicles which open into it, so that 
ultimately the whole may be thrown into one large cavity. 
As the process proceeds, communications are established 
between adjacent groups of air-vesicles, and thus cavities 
of still larger area are produced. 

Atrophous Emphysema.—The more minute histolo- 
gical changes which accompany emphysema vary some-. 
what in different varieties of the discase. In that form 
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of emphysema which occurs in old people, and whic is 
essentially a senile change, the alterations in the walls of 
the air-vesicles consist simply of atrophy of the several 
structures of which they are composed :—hence the term 
atrophous or small-lunged emphysema, which is applied 
by Sir W. Jenner to this varicty of the disease. The air- 
vesicles may vot be much increased in size, but several of 
them are thrown into one, their walls are considerably 
thinner than natural, the connective-tissue, elastic-tissue, 
and bloodvessels all having apparently shared in the 
wasting process. There is usually also an abnormal 
amount of pigmentation. Such lungs are smaller than 
natural, and quickly collapse when the thorax is opened. 

Hypertrophous Emphysema,—In the other important 
variety of emphysema the lungs are increased in size, 
so that they often bulge forwards when the thorax is 
opened, and in contradistinction to the former variety, 
certain constituents of the lung-tissne appear to be in- 
creased in amount, inasmuch as the lungs are less 
crepitant, and feel somewhat denser and tougher than 
natural. This is described by Sir W. Jenner as hyper- 
trophous or large-lunged emphysema. 

When such lungs are examined microscopically, it will 
be found that the dilatation of the air-vesicles is more 
miarked than in atrophous emphysema, although less 
general in its distribution. The atrophic changes also 
do not affect equally the various tissues which make up 
the alveolar walls. The elastic fibres appear to be more 
especially wasted, whilst, according to some observers, 
the connective-tissue 1s increased. I have been unable to 
discover any marked increase of the connective-tissue in 
the alveolar walls, although an increase of this tissue is 
often to be seen around the smaller interlobular blood- 
vessels and bronchi. The capillary bloodvessels which 
are distributed on the walls of the air-vesicles are atrophied 
and diminished in calibre, owing to the stretching and 

@pressure which result from the vesicular dilatation, whilst 
the larcer interlobular vessels are often found thickened 
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aml distended with blood. In some cases there is more 
or less fatty degeneration of the epithelium, and usually 
an abnormal pigmentation of the lung. 

ETIOLOGY.—!t would be beyond the scope of the 
present work to discuss the various theories which have 
been propounded to account for the development of 
emphysema. It is, however, obvious that all conditions 
which increase the pressure on the inside of the air- 
vesicles, or damage the resisting powers of their walls, 
may be causes of permancnt vesicular dilatataon. 

Increased pressure on the inside of the air-vesicles may 
result from— 

Ist. Violent expiratory efforts with closed glottis, 
such as occur during the act of coughing, blowing wind 
instruments, violent muscular exertion, &c. ‘Those parts 
of the lungs which are least supported will be over- 
distended. This is the expiratory theory of Jenner. 

2nd. Certain portions of the lungs being incapable of ex- 
pansion, owing to collupse, consolidation, asthmatic spasm, 
&c. There will be excessive tension in those parts into 
which the air can enter. 

Impairment of the resisting power of the air-vesicles 
may result from— 

Ist. The loss of elasticity and atrophy which 1s a con- 
comitant of old age. This is the most important element 
in the causation of atrophous emphysema. 

2nd. The atrophy of the air-vesicles resulting from 
that stretching of their walls and obliteration of their 
bloodvessels which is caused by their over-distension from 
increased pressure exercised upon their inner surface. 

ord. Damage to the walls of the air-vesicles resulting 
from inherited weakness, or due to some interference with 
their nutrition from mode of life or other causes. 


DEGENERATION. 


The * Degenerations’” include a class of morbid pro- 
cesses which are characterised by an alteration in the 
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quality of the tissues, and which, like atrophy, ere 
attended by impairment of function, and often by anui- 
hilation of histological elements. 

Atrophy and degeneration are both steps towards 
death, In atrophy, however, as pointed out by Vir- 
chow, nutrition is simply altered in quantity; the waste 
of the tissue is in excess of the assimilation of new 
material, and, consequently, there is a diminution in 
the amount of the tissue and an impairment of its 
functional powers. In degeneration, on the other hand, 
nutrition is altered in quality—the metabolism of the 
cell is abnormal; an abnormal substance exists in the 
tissues, which is either formed by metamorphosis of 
their protoplasm, or is brought to and deposited in the 
tissue, and is not consumed. This is attended by im- 
pairment of the vitality and functions of the elements 
of which the tissue is composed, resulting cither from 
the presence of the new material, or dependent upon the 
same conditions as those which gave rise to its forma- 
tion. 

ETIOLOGY.—Of the causes of the Degenerations as 
a class but little can be said, the various forms depending 
fur the most part upon different conditions. These will 
be considered under their respective heads. Our know- 
ledge of this class of morbid processes is necessarily very 
incom: lete, inasmuch as solittle is known of the chemical 
changes which take place within cells. (See p. 7.) 

The Degenerations may be divided into twa classes—the 
Metamorphoses and the Infiltrations. 

1, The Metamorphoses.— These are characterised by 

the direct metamorphosis of the albuminoid constituents 
of the tissues into a new material, This is usually 
followed by the destruction of the histological elements 
and the softening of the intercellular substance, so that 
ultimately all trace of structure may be lost, and the 
function be completely arrested. The Metamorphoses in- 
‘lude Fatty, Mucoid, Colloid, and probably Lardaceous 
Degeneration. 
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@ The fInfiltrations.—These differ from the Meta- 
morphoses inasmuch as the new material which exists in 
the tissues is not derived from their albuminoid con- 
stituents, but is deposited in them from the blood; there 
is an infiltration and deposition of a new substance. This 
is rarely followed by destruction of the histological 
elements, or by softening of the intercellular substance ; 
hence the structure of the tissue is much less altered than 
in the Metamorphoses, and function is usually much less 
interfered with. The Infiltrations include Fatty, Cal- 
eareous, and Pigmentary Infiltration. 


CHAPTER III. 
FATTY DEGENERATION. 


Fatry DrGEenrration is an abnormal accumulation of 
fat in the tissues. An atcumulation of fat occurs, how- 
ever under very different circumstances, and under the 
general term of “ fatty degeneration” are included differ- 
ent pathological processes. Before proceeding to describe 
these processes and the histological changes which they 
produce, it will be well to consider, in the first place, the 
sources from which the fat met with in the body is 
derived ; and secondly, the circumstances under which it 
may accumulate so as to constitute a morbid process. 
General Pathology of Fatty Degeneration.—'l'ke 
chief source of the fat met with in the body 1s the oleagi- 
nous constituents of the food. A portion of these are 
stored up in the cells of certain tissues, to be utilised as 
producers of force and heat when the requirements of 
the system may demand it. The cells of adipose tissue, 
those of the medulla of bone, and to a less extent, those 
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of the liver, thus serve as physiological reservoirs ¢or 


fat. ae 
The other sources from which fat may be derived 1s 


from saccharine and albuminous principles. The albu- 
minous principles in the process of nutrition undergo 
decomposition, and the products of their decomposition 
contain a certain amount of fat. This is usually com- 
pletely removed by oxidation, but under certain circum- 
stances the oxidation is incomplete, and the fat accumu- 
lates in the cells of the tissue. 

In considering the circumstances under which an accu- 
mulation of fat in the tissues may constitute a morbid 
process, it 1s to be remarked that it often becomes exceed- 
ingly dificult here to draw any sharp line of demarcation 
between health and disease. This is especially the case 
when the accumulation of fat is excessive in situations 
where fat 1s normally met with. When it occurs in 
abnormal situations the morbid nature of the process is 
evident. 

An accumulation of fat in the tissues may occur so as 
to constitute a morbid process under the four following 
conditions :— 

1st.: When the food contains an excess of fat, or of 
substances capable of becoming converted into fat. Under 
such circumstances the oxygen taken into the body is in- 
sufficient to oxidise the excess, and it consequently accu- 
mulates in the cells. 

An accumulation of fat from this cause occurs as a 
physiological process in the growth of adipose tissue. 
Adipose tissue 1s a connective-tissue containing numerous 
celis which are distended with fat. The growth of this 
tissue thus consists simply in the fatty infiltration of more 

of these cells. (Fig. 5.) lf this be excessive it constitutes 
obesity. The temporary accumulation of fat in the liver 
during the digestion of an aliment rich in fatty substances 
is another example of this kind of deposition. This will 
dve described when speaking of the “ fatty liver.” If the 
amount of fat be very great it may accumulate, not only 
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in normal situations, but algo in tissues where fat is not 
usually met with, and in both cases the accumulation will 
thus constitute a morbid process. 

2nd, When there is no such excess of fatty substances 
in the food, but the processes of oxidation are so imper- 
fectly performed, either locally or generally, that the fat 
contained in a natural diet is incompletely oxidised. 

ord. When the fat which is liberated from the nitro- 
genous constituents of the food during the process of 
nutrition does not undergo the complete oxidation which 
it should, and so remains within the cells. 

4th. When the fat which is liberated from the proto- 
plasm of cells during the progress of nutrition is incom- 
pletely oxidised, and so accumulates in, and takes the 


Vic. 3, 





Faity Infiltration of Connective-tissue, Showing the accumu- 
lation of fat within the cells. x 300 (Rindfleisch). 


place of, the protoplasm. Here there is a gradual re- 
placement of the protoplasm by molecular fat, so that 
the cell ultimately may be completely destroyed. 

Fatty degeneration in which there is this destruction of 
histological elements is one of the most common forms of « 
the disease, and it will hereafter be more fully described 


+ 
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as fatty metamorphosis. Its nature was first poigted 
out by Dr. Quain in his well-known researches on fatty 
degeneration of the heart.* Dr. Quain then stated that 
the fat met with in the- muscular fibres in this condition 
was the result of a metamorphosis of the fibres them- 
selves, and was not derived from without. The truth of 
Dr. Quain’s teaching has since been confirmed by the 
experimental investigations of Drs. Voit and Bauer. 

Voit and Bauer’s investigations were made with the 
object of determining the source of the fat in that acute 
form of fatty degeneration which is produced by poison- 
ing with phosphorus, in which the degeneration is due 
mainly to a diminution in the oxidising power of the 
blood, caused probably by the destruction of the’ red- 
blood cells.t They gave phosphorus to dogs which had 
for some days previously been starved, so that any fat 
which might be present in the tissues after death could 
not have been derived either from the food or from the 
adipose tissue of the animals. The phosphorus produced 
very extensive and general fatty degeneration, and the 
fat must obviously have arisen from the protoplasm of 
the cells. Voit concludes from these investigations—Ilst. 
That the transformation of albumin which takes place 
in cells is independent of the supply of oxygen, but that 
if the oxygen be deficient, the fat and other products of 
the tr-sformation, being incompletely oxidised, accumu- 
late in the cell. 2nd. That the presence of fat in the 
cells may thus be due to increased transformation of the 
albumin, or to diminished oxidation of the products of 
its decomposition. 3rd. That the fatty degeneration in 
poisoning by phosphorus is due both to an increased 
transformation of the albumin of the cells, and to 
diminished oxidation of the fat and other products of 
the transformation. 


* “ Medico-Chirurgical Trans. Lond.,” 1850, vol. xxxiii. 
¢ Voit and Bauer, “Zeitschrift fiir Biologie,” vii. pp. 63-85; and 
Voit, “Neues Repertorium fiir Pharmacio,” xx. pp. 340-349, 
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Xj will thus be seen that of the four conditions enume- 
rated as causes of fatty degeneration, in all, with the 
exception of the first, the accumulation of the fat is 
principally due to incomplete oxidation, whilst in the 
first there is no imperfection in the oxidising processes, 
but the oxidisable materials are in excess. These two 
conditions are frequently associated. 

Incompleteness of oxidation, and a consequent ten- 
dency to the production of fat, occurs under various cir- 
cumstances. The red blood cells being the carriers of 
oxygen, all those conditions’ in which the supply of 
blood is interfered with, the red blood cells diminished 
in number or defective in quality, or the oxygenation 
of the blood imperfectly performed, may lead to fatty 
degeneration. 

Interference with the supply of blood to a part, and 
consequent fatty degeneration from imperfect oxidation, 
may result from narrowing of the nutrient bloodvessels. 
This is seen in the heart as the result of atheromatous 
changes in the coronary arteries, and in organs in which 
the lumen of the vessels is diminished by lardaceous or 
syphilitic changes, The interference with the supply of 
blood caused by inflammation and mechanical congestion 
in the same way lIcads to fatty degeneration. Organs and 
tissues which have been long disused, and in which, con- 
sequently the quantity of blood circulating through them 
and the oxidation processes become diminished, undergo 
fatty changes (see “Fatty Infiltration of Muscle”); as do 
also the cancers and other rapidly-growing tumours In 
which the rapidity of growth is out of proportion to the 
vascular supply. 

An alteration in the blood as a whole, and a conse- 
quent general tendency to fatty changes, is seen in 
chlorosis and in those conditions of anwmia which are 
sometimes produced by chronic and acute diseases ; also 
in the fatty degeneration which results from poisoning 
by phosphorus. The long-continued abuse of alcohol, 
and the influence of a high temperature, by diminishing 
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the absorption of oxygen by the tissues, tend to produce 
fatty changes. The senile forms of fatty degeneration, 
which affect especially the cornea and cartilage, are due 
to that diminution in the activity of the circnlation which 
exists in old age. Lastly, the imperfect oxygenation of 
the blood which results from chronic diseases of the lungs 
constitutes an important element in the causation of the 
fatty degeneration which so frequently exists in these 
diseases. 

In proceeding to consider the histological changes 
which are produced in the tissues by an accumulation of | 
fat, itis in the first place to be remarked that in those 
cases in which the fat is derived from the food, it 1s, for 
the most part, deposited in those situations in which fat 
is normally met with; whereas when it originates in the 
tissues it may occur in the cells of any part. The changes 
produced in the tissues must obviously vary in the two 
cases. Where the fat is derived from the metamorphosis 
of the nitrogenous constituents of cells the process is 
accompanied by more or less destruction of the cell, and 
by a corresponding impairment of its functional powers 
—the tissues are destroyed in the process; whilst in the 
other cases no such destruction usually takes place. 
Although these two conditions may occasionally be asso- 
ciated, yet, owing to the marked difference in the results ' 
which they respectively produce, it will be well to speak 
of them separately; that in which the fat is derived from 
the metamorphosis of the tissues being termed Fatty 
Wetamorphosis; that in which it is derived from the 
oleaginous, saccharine, or nitrogenous principles of ca 
food, Fatty Infiltration. 


FATTY INFILTRATION. 


In Fatty Infiltration, the fat which is deposited within 
the cells usually occurs as distinct drops of oil. In the’ 
earliest stages of the process these are very small, but 
as the deposition proceeds they gradually accumulate 
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and run together, displacing and obscuring the nucleus 
and protoplasm, until the cell is completely filled and 
distended with oil. (Fig. 6.) The F1G. 6. 
vitality and functions of the cells | 
are but little impaired by the accu- © si 


mulation, and the protoplasm— ie age = 
although rendered almost invisible ql ~ 
when this is excessive—remains (No Nass” 
unaltered. The cells within which _ : 


the fat accumulates not being de- 
stroyed, the removal of the fat is 
all that is necessary to restore them 
to thcir original condition. <As 
already stated, fatty infiltration = Liver Cells in various 
occurs as a physiological process in x S00 (iti iiileioeb). ae 
the growth of adipose tissue, and 

also in the liver during the digestion of an aliment rich 
in fatty substances. 





FATTY INFILTRATION OF MUSCLE, 


In muscle, fatty infiltration is frequently met with as a 
morbid process. he cells in the connective tissue which 
surrounds the fascicul of the muscle become filled with 
fat; and this development of fat between the primitive 
muscular fasciculi has often been confounded with dege- 
neration of the fibres themselves. In this latter process, 
however, which will subsequently be described as fatty 
metamorphosis of muscle, there is a direct metamorphosis 
of the muscular fibres into fat; whereas in the condition 
now under consideration, there is a deposition of fat 
between the fasciculi, which remain—during the early 
stages, at all events—unaffected. The interstitial fat 
varies in amount. In some cases single rows of fat cells 
alternate with rows of muscular fasciculi; at other times 
the accumulation is less regular, more existing between 
some fibres than between others: in ull cases, however,® 
the muscular elements may be discovered lying amongst 

E?, 
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the fat. (Fig. 7.) If the latter be very consideraple 
in amount, the muscle may appear to the naked eye to 
be entirely converted into fat; but the microscope will 
always reveal the muscular structure in which it is 
embedded. 

This condition is frequently met with in animals which 
have been fattened, the fat increasing not only in the 
usual situations, but also accumulating between the 
fasciculi of the muscles. In muscles also which from 
any cause have for some time been incapacited, and in 
which consequently the circulation of blood and the 
oxidation processes are reduced to a minimum, this inter- 
stitial growth is extremely liable to occur—ew. gr., in the 
extensors of the wrist-joint in cases of lead-poisoning, 
and in long-standing paralysis from lesions of the brain 
or cord, also in muscles which have been rendered 
useless by anchylosis of a joint. In progressive muscular 
atrophy, as Virchow has shown, the affected muscles 
exhibit this change, together with true fatty metamor- 
phosis. 

Fatty Infiltration of the Heart.—In the heart fatty 
infiltration is not unfrequently met with; and here it is 
especially important to distinguish it from the much 
more grave condition in which the fibres themselves are 
primarily affected. In health, there is a varying amount 
of fat covering the surface of the heart beneath the vis- 
ceral layer of the pericardium, which is always most 
abundant in the grooves between the auricles and ven- 
tricles, where it surrounds the blood-vessels. This may 
increase so us to completely envelop the organ, and at 
the same time gradually insinuate itself between the 
muscular fibres, so that to the naked eye all appearance 
of muscular structure may be lost, the walls looking like 
amass of fat. In hearts less affected, striw of fat will 
be seen lying amongst the muscle. (See Fig. 7.) The 
fat is always most abundant near the surface, the mus- 
cular structure becoming more evident towards the endo- 


cardium. 
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Whe immediate effect of the interstitial growth is to 
displace and compress the muscular fibres between which 
it insinuates itself, and in doing so it diminishes the con- 
tractile power of the muscle. This is especially important 
when occurring in the heart. The pressure, however, 
which it exercises upon the fibres and the accompanying 


Fia, 7. 
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Fatty Lnjiltration of Heart. A section from the more external 
portion of the left ventricle of the heart, showing the growth of fat 
beteeen the muscular fibres. The fibres are in some places atro- 
phied and commencing to undergo fatty metamorphosis. x 200, 


blood-vessels, ultimately causes atrophic and degenerative 
changes. Thus the fasciculi gradually atrophy, the trans- 
verse striation becomes indistinct and is replaced by mo- 
lecular fat ; in fine, true metamorphosis of the muscle if 
established. These two processes, indeed, not uncom- 
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monly go hand in hand together, the interstitial infilfra- 
tion preceding the intrastitial metamorphosis. 


FATTY INFILTRATION OF TILE LIVER. 


In the liver fatty infiltration is exceedingly frequent, 
constituting what is commonly known as the “fatty 
liver.” The hepatic cells always contain a small quantity 
of fat, which is temporarily increased aftcr the inges- 
tion of fatty substances. It will be well to describe this 
physiological infiltration before proceeding to the morbid 
process. 

The ingestion of an aliment rich in fatty substances is 
followed by a temporary excess of fat in the portal blood, 
and by the deposition and temporary accumulation of a 
portion of this within the hepatic cells. ‘This fat is first 
deposited in the cells which are in immediate contact with 
the capillarics of the portal vem, and thus is produced 
an excess of fat in the cells at the circumference of the 
hepatic lobules. This gradually passes from the cells at 
the circumference to those in the interior, whence it is 
ultimately conveyed again into the circulation. This 
process goes on until the excess of fat is removed from 
the blood, when the hepatic cells again acquire their 
former character. There is thus a transitory accumula- 
tion of fat within the hepatic cells which is gradually 
removed, the vitality of the cells not being thereby 
impaired. 

The morbidly fatty liver is onc which contains an ab- 
normal quantity of fat, and here also, as the fat is usually 
deposited from the blood in the portal capillaries, the 
increase is first observable in the external zone of the 
hepatic lobules. (Fig. 8.) It accumulates here within 
the cells as minute globules, which as they increase 
coalesce and form large drops of fat. These ultimately 
completely fill and distend the cells, which at the same 
“time become larger and more globular in shape. (See 
Pip. 8.) ifis the process proceeds, the accumulation 
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ad¥ances from the periphery towards the centre of the 
lobule, until its whole mass may be involved, and the 
cells universally become distended with fat. The vitality 
of the cells ig not materially impaired by the infiltration ; 
they continue to perform their functions, as is shown by 
the presence of bile in the stools and in the gall-bladder. 
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Fatty Liver. Showing the accumulation of fat in those cells 
more especially which are situated ja the external zone of the 
lobule. There is also some increase in the interlobular connective- 
tissue (Cirrhosis), V. Hepatic vein, 1. Interlobular connective- 
tissue. x 50, 


In some exceptional cases the accumulation of fat is most 
marked around the hepatic vein. This, according to 
Virchow, is probably té be explained by supposing that 
the fat is becoming excreted, and that only the last celle 
retain a little of it. 
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The fatty liver is somewhat increased in size# in 
advanced stages often considerably so. The surface is 
smooth, the edges are thickened and rounded, the specific 
gravity is diminished, although the absolute weight may 
be increased, If the infiltration be slight, involving merely 
the portal zone of the lobules, the cut surface will present 
a mottled appearance, the external fatty zone being of an 
opaque yellowish-white colour, whilst the central portion 
remains unaltered, or is perhaps somewhat hyperemic. 
The more extensive the infiltration the larger is the pale 
zone, and ultimately, when the whole lobule is involved, 
there may be left in the centre mercly a reddish-brown 
point, which corresponds with the commencement of the 
hepatic vein; and in many cases even this point is lost. 
The organ is then of an almost uniform opaque yellowish- 
white colour, and the boundary between the individual 
lobules may be completely obscured. In exceptional 
cases the accumulation of fat is much more abundant in 
some portions of the liver than in others, so that on 
section yellowish points and streaks are seen scattered 
over its surface. The consistence of the organ is much 
diminished, it feels doughy, and pits on pressure with the 
finger, and the knife used to cut it becomes coated with 
oil. The pressure exercised by the infiltrated fat produces 
considerable anwmia of the organ, but the mterference 
with the circulation is never sufticient to cause ascites, 
hemorrhage, or other evidences of portal congestion, 

The liver is especially liable to become the seat of fatty 
accumulation. This, as shown by the late Dr. Bence 
Jones, is owing—firstly, to the excess of non-nitrogenous 
oxidisible matter in the portal blood; secondly, to the 
deoxidised condition of the portal blood; and thirdly, 
to the low pressure and slowness of circulation in 
the portal vessels—conditions the least favourable to 
oxidation,* 


© * «Tectures on Pathology and Therapeutics.” Dr. Bence Joues, 
p. 179, 
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An accumulation of fat in the liver occurs under two 
opposite conditions—one in which there is general obesity, 
and the fat accumulates in the liver in common with other 
parts; and another, in which there is general emacia- 
tion, and a consequent impairment of the oxygenating 
power of the blood. The fatty infiltration of the liver 
which is so constantly associated with certain chronic 
diseases of the lunys, is also partly due to imperfect 
oxygenation of the blood from destruction of luug-tissue. 
Fatty liver caused by phosphorus and other poisons has 
been already allnded to. 

The other varicty of fatty degeneration—fatty meta- 
morphosis—will be described in the folowing chapter. 


CHAPTER IV. 
FATTY DEGENERATION (continued). 
FATTY METAMORPHOSIS. 


Tits differs from fatty infiltration, masmnch as the fat 

is derived from the albuminous constituents of the tissues 

themselves, and not from the fatty, saccharine, or nitro- 

genous principles of the food. 

' The process consists in the gradual replacement of the 

protoplasm of cells by molecular fat, in the manner de- 

scribed in the preceding chapter. The fat makes its 

appearance as minute granules and molecules, usually 

first in the protoplasm, and subsequently in the nucleus. 

The granules—which are characterised by their dark 
colour, sharp contour, strong refractive power, and solu- 
bility in ether—gradually increase in number, and 
ultimately the whole of the protoplasm may be trans- 

formed. As they increase some of them may coalesce,- 
-and so form distinct drops of fat. As the process pro- 
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ceeds the cells undergo an increase in size and bedme 
more globular in shape, the nucleus becomes involved, 
the cell-wall, when this exists, is destroyed, and the cell 
may thus be converted into a mass of granular fat. 
(Fig. 9.) 

These granules of fat sometimes remain for some time 
in a coherent form, and they then constitute what were 
formerly known ays the “inflammatory” or “exudation cor- 
puscles,” or “ corpuscles of Gluge,” which are so common 
in chronic cerebral softening, aud in some other forms 
of fatty degeneration. (Hig. 9, 0b.) Ultimately the albn- 
minous matter between the granules of fat lqueties, the 
corpuscles break up, and the fat becoines distributed in the 
tissue. (Kig.9,b). These granular corpuscles will be more 
fully considered when speaking of cerebral softening. 
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Fatty Metamorphosis of Cells. a. From a 
eaneer, & From the brain in chronic solten- 
ing. The latter show the large “granular 
corpuscles,” aud also the manner in which 
these become disintegrated, x 200, 


Types of this pathological process are furnished by 
many well-known physiological ones, one of the: most 
characteristic of which is perhaps the secretion of milk. 
The secretion of milk takes place in the following manner: 
—The mammary gland becomes exceedingly vascular, 
white blodd-corpuscles escape from the vessels, the epi- 
thelium multiplies, and a large number of young cells 

ethus make their appearance in the ducts of the gland. 
These cells as they are produced become converted into 
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‘fat,the cells break up, and the fatty matters in a more 
or less coherent form constitute the milk-corpuscles. In 
the carliest stages of the process the granules of fat 
cohere and form the colostrum-corpuscles, which are pre- 
ciscly analogous to the large granular corpuscles met 
with in chronic cerebral softening, &c. (Fig. 9, 6); but as 
the secretion becomes fully establ*shed, and the disinte- 
gration ot the cells takes place more rapidly, the fatty 
molecules become at once distributed iu the hquid in 
which they are suspended, giving to the secretion its 
characteristic white colour. The milk-corpuscles thus 
formed are replaced continuously by new cells, which in 
their turn undergo fatty metamorphosis, and in this 
manner a continuous formation and destruction of cells 
take place. Other examples of fatty metamorphosis are 
afforded by the formation of the sebaceous matter of the 
skin, the cerumen of the ears, and the corpus luteum in 
the ovary; all of which take place in the same way 
by the fatty metamorphosis and destruction of newly 
formed cells. 

The immediate effect of fatty metamorphosis is to pro- 
duce more or less softening of the affected part, and 
necessarily to impair or: annihilate function. If large 
tracts of tissue are affected, the change 1s readily recog- 
nisable by the diminution in consistence and elasticity 
which are produced, and in many cases also by the 
opaque yellowish-white colour. If, however, the change 
is limited to minute portions of the tissue, its existence 
can only be discovered with the aid of the microscope. 

The fatty particles into which the cells have been 
transformed are, under favourable circumstances, readily 
absorbed. ‘he fat may thus be removed and the degene- 
rative process cease before the part has becn dangerously 
involved. Such recovery probably often occurs, for ex- 
ample, in the kidneys and heart. When the elements 
are completely degenerated the fatty débris is also 
usually removed by absorption. This is seen in the fatty » 
degeneration and absorption of inflammatory products, 
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such as occurs in croupous pneumonia, In ordey¥ for 
such absorption to take place it is necessary that the 
tissue should be freely supplied with blood-vessels. If 
this is not the case, the degencrated products are liable 
to undergo certain changes whereby they become con- 
verted into a pultaceous crumbling material somewhat 
resembling cheese:—this is known as caseation. 

CASEATION.— This is a modification of the degene- 
rative process 12 which the fatty products gradually dry 
up into a yellowish friable material, which has been com- 
pared to soft cheese. This change appears to be owing to 
a natural dryness of the degenerated tissue, resulting from 
deficient vascular supply. It is most frequent in parts 
which contain but few vessels, or in those in which these 
become obliterated by inflammatory products or by some 
new growth. Growths composcd of closely-crowded cells— 
as epithelial accumulations within the pulmonary alveoh, 
growths in the lymphatic glands, in the brain, and in 
osseous structures, are the most liable to become caseous. 

The proeess consists in a gradual drying up of the 
degenerated elements; the fluids are absorbed, the cells 
—which are many of them incompletcly degenerated— 
shrivel and atrophy, the fat undergoes partial saponifica- 
tion, cholesterine forms, and the tissue thus becomes 
converted into a soft, yellowish-white, cheesy substance, 
composed of atrophied cells, fatty débris, and cholesterine 
erystals. This material may gradually dry up more and 
more, and ultimately become encapsuled by a layer of 
fibrous tissue. 

‘hese cheesy matters are constantly met with, espe- 
cially in the lungs, and considerable confusion has arisen 
as to their nature and origin in this situation. This has 
proceeded from its having been formerly the custom to 
look upon all cheesy masses as essentially tubercular. 
Tubercle, it is true, often undergoes, to a greater or less 
extent, fatty degeneration, and it may thus, lke all 
other growths which have undergone this process, be- 
come converted into a yellow cheesy substance; but it 
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is by po means true that all cheesy masses are tuber- 
cular. The pathological significance of caseation is 
thus less limited than was formerly supposed, and 
although this change is undoubtedly most common ‘in 
tuberculous and scrofulous lesions, its occurrence merely 
indicates that the elements have undergone fatty meta- 
morphosis, and under no circumstances is it in itself 
evidence of any one particular form of morbid growth. 
(Sce “ Scrofulous Inflammuation.”’) 

The caseous mass may subsequently become calcified, 
or nndergo a process of softening and liquefaction. 

CALCIFICATION.— This is an advanced stave of the 
preceding process. It most frequently occurs in those 
cases in which the cascous mass is completely enclosed 
and isolated from the external air, as when in the lym- 
phatic glands, in bone, or when encapsuled in the lungs. 
The mass becomes infiltrated with calcareous particles, 
and is {hus converted into a calcareous concretion. (See 
“ Calcareous Degeneration.”) 

SOFTENING.—'l'his process consists in a liquefaction 
of the caseous substance, which is probably owing to some 
chemical change in its constituents. It most commonly 
occurs in parts which come into contact with the external 
air, especially in those situated in the lungs. The 
caseous mass liquefies, and 18 converted into a thin puri- 
form liquid, coutaining curd-lke cheesy matter, which to 
the naked eye looks much hke pus, but under thesmicro- 
scope is seen to consist simply of granular débris, fat, 
and cholesterine crystals. This, if not discharged, may, 
like the caseous masses, ultimately dry up and become 
calcified. 


FATTY DEGENERATION OF ARTERIES. 


Fatty degeneration of arteries may be a primary or 
secondary affection. As a secondary process it is met , 
with in atheroma and other inflammatory conditions of 
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the vessels, in which the fatty change is preceded by 
a cellular infiltration of the sub-endothelial connective- 
tissue. (See “ Atheroma.’’) ; 

Primary fatty degeneration is a passive process, not 
being preceded by any increased nutritive activity of the 
parts affected by it. It may affect both the internal, 
middle, and external coats of the artery, but it is most 
common in the first-named situation. The change usually 
commences in the endothelium and the connective-tissue 
cells in the most internal layers of the inner coat, small 
groups of cells becoming affected in various parts of the 
vessel; and it may gradually extend from within out- 
wards, the intercellular substance softening, until, in 
exceptional cascs, the whole thickness of the intima 1s 
destroyed. (Fig. 10.) 
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Fatty) Degeneration of the Internal Coat of the 
Aorta, Small yellowish-white patches  scat- 
tered over the lining membrane of the vessel, 
A very thin layer pecled off and x 200, showing 
the groups of fat molecules, aud the distribution 
of fat in the intima, 


In the earlicr stages of the process the condition is 
recognised by the existence of small, irregular-shaped 
patches of an opaque yellowish-white colour, projecting 
very slightly above the surface of the mtima. These, 
which are so constantly met with on the lining membrane 
of the aorta, may at first be mistaken for atheroma. 
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They are in most cases, however, readily distinguishable 
by their superficiality, and by the facility with which 
they can be stripped off from the subjacent layers, which 
present a natural appearance. In atheroma, on the other 
hand—which affects the deeper structures—if the super- 
ficial layer bo removed, the opacity and thickening are 
seen to exist beneath it. In many cages the change is 
limited entirely to the innermost layers of the vessel; the 
more the subjacent tissues are involved, the greater 1s the 
irregularity in the shape of the patches, and the less readily 
ean they be separated with the forceps. The opaque 
patches occasionally break down, the cells are destroyed, 
the intercellular substance softens, and the granular débris 
is carried away by the circulation, leaving small, irregular, 
superticial erosions upon the lining membrane of the 
vessel. These erosions are not ulcers in the true sense of 
that term, not being the result of an active process. They 
resemble the superficial crosions so common upon the 
mucous membrane of the stomach, as described by Dr. 
Wilson Fox. 


¥ig, 11. 





Fatty Degeneration of small Vessels of Pia 
Mater. From a case of chronic Bright's 
Disease, a. A smallartery, the coats of which 
are somewhat thickened, b. A capillary, in 
which are seen a few red blood-corpuscles. 
x 400, 
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Simple fatty degencration may occur in any offthe 
arteries, but itis in the smaller ones that its injurious 
influence is most marked, and in these it is more especially 
liable to affect the external-:coat. (Fig. 11.) Here, by 
diminishing the elasticity and contractility of the vessels, 
it causes degenerative changes in the parts which they 
supply, and often Jeads to rupture. This is exemplified 
by many cases of chronic cerebral softening and cerebral 
hemorrhage, although here atheromatous are often asso- 
ciated with the fatty changes. In the larger arteries, as 
the aorta-—where it 1s exceedingly common-—it is of less 
iunportance, the inflammatory process, atheroma, having 
here a far more deleterious effect, 

FATTY DEGENERATION OF CAPILLARIES.— 
The capillaries may ulso be the seat of fatty changes. 
Here they are most common in the nervous centres, and 
in the kidneys in Bright's disease. (See Fig. 11, .) The 
process commences in the endothelial cells, and may in- 
volve considerable arcas of the capillary wall, so that 
rupture is often the ultimate result. This is common m 
the smallest cerebral blood-vessels, where it is sometimes 
a cause of cerebral (capillary) haemorrhage. 

Primary fatty degeneration of bloed-vessels is in most 
cases a scnile change; itis an expression of that gencral 
impairment of vitality which exists in advanced life, and 
is usually associated with simular changes in other parts. 
When, however, it is limited to the lmmg membrane of 
the largest arteries 1t 1s often met with in early life and 
in persons who are otherwise pertectly healthy. Fatty 
degeneration secondary to inflammatory conditions will be 
considered subsequently. (Sce ‘‘Iutlammation of Blood- 
vessels.’’) 


FATTY DEGENERATION OF MUSCLE. 


Both striated and non-striated muscle may be the seat 
of fatty degeneration. In the latter, the muscular fibre- 
cells are the seat of the change; they become filled with 
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fat granules and are ultimately destroyed. This con- 
dition is frequently met with in the middle coat of arteries 
which are undergoing fatty degene- 
ration. Fig, 12. 

In striated muscle-—both in the ee, 
voluntary and in the involuntary of ~* fe 
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buminous matter, of which the fibre is 
composed, by fat. The carliest stage Fatty Degeneration 
of the affection is characterised by 0% Alseular Hubres 
are : J of Heart. a. Warlier 
an indistinctness in the transverse stage. ». More ad- 
markings of the fibres, which in many vanced. x 400. 
parts become studded with minute 
particles of fat. (Fig. 12.) These gradually increase in 
number and size, aud are usually distmbuted somewhat 
irregularly within the sarcolemma. In some parts 
single rows of granules are found running along the length 
of the fibre; in others, they are grouped around the 
nuclei or arranged in transverse lines corresponding 
with the striw of the muscle. The fibres become 
extremely friable, and are readily broken up into short 
fragments. As the process proceeds the transverse 
markings entirely disappear, and nothing but molecular 
fat and oil globules are seen within the sarcolemma. 
The sarcolemma itself may ultimately be destroyed, and 
nothing remain of the original fibre but the fatty débris 
into which its albuminous constituents have been con- 
verted. This is true fatty degeneration of muscle; in it 
the muscular elements are destroyed, and it thus differs 
essentially from fatty infiltration, in which there is 
simply a development of fat between the fasciculi, the 
fasciculi themselves not being primarily affected. (See 
“Patty Infiltration of Muscle.”) 
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- PATTY DEGENERATION OF THE HEART. 


It is in the heart that fatty degeneration of muscle is 
most frequently met with, and here it assumes a most 
important aspect from the deleterious influence which it 
exercises upon the motor power of the organ. The mus- 
cular substance may be affected throughout, or the dege- 
neration may be confined to certain portions of it. The 
wider the extent of tissue that is affected, the less 
advanced, as a rule, is the degree of the degeneration. It 
is in those cases in which small tracts of tissue only are 
involved that the process is met with in its most advanced 
stage. 

When the change is slight and more or less general, 
the muscle is sumewhat softer and more tlubby than 

natural; it is more friable, and often breaks with a soft 
granular fracture; und its colour is rather paler and 
more opaque than that of healthy cardiac tissue. Under 
the microscope the muscular fibres are seen to have lost 
to some extent their striated appearance, and to contain 
granules of fat. (Fig. 12, a.) 

This diffuse form of degeneration may occur in the 
course of those diseases in which the oxidation processes 
are rcduced to a mmimum; in all those diseases, in short, 
which are attended by marked anwmia, whether this 
anwmia be gradually or rapidly induced. In the case: 
from which the accompanying drawing was taken the 
degeneration was acute. (Pig. 13.) This was the case of 
a weakly young girl who was under my care suffering 
from slight valvular disease. She quickly succumbed 
with acute fatty degeneration of the heart and other 
muscles, which was duced by a profuse loss of blood 
during a menstrual period, and by inability to retain 
food.* Interference with the circulation in the coronary 
arteries 18 also a frequent cause of a more or less general 


* This case is reported in “Trans. Clinical Society, London,” 
vol, vill. 1676. 
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degeneration of the muscular tissue. This occurs espe- 
cially as a result of aortic incompetence, and explains the 
early failure of cardiac power in this form of valvular 
disease. Atheromatous changes in these arteries, such as 
result from the increased blood-pressure of Bright’s dis- 
ease, lead in the same way to fatty degeneration. Lastly, 


Fig. 13, 





Acute Fatty Degeneration of Heart and of other Muscles, a. Heart. 
b. Rectus abdominis. ‘The whole of the heart-tissue was affected, 
and also the muscles in other parts of the body. x 400. 


in its slightest degrees, a diffuse fatty degeneration of the 
heart sometimes occurs in the course of acute febrile 
diseases. This will be again referred to in the chapter 
treating of the histological changes produced by pyrexia. 
Sometimes the degeneration, although perhaps more or 
less general, is much more advanced in some parts than 
in others. In such cases the heart presents a mottled ® 
appearance; opaque pale yellowish or brownish patches 
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are seen irregularly distributed throughout its substance. 
These patches, which vary considerably in size and form, 
are met with especially in the papillary muscles, the 
columnz carne, and in the layers of fibres immediately 
beneath the endocarditm. They may also occur beneath 
the pericardium, and in the deeper portions of the organ. 
They correspond with the most degenerated portions of 
the tissue. They are soft and flabby, and have a rotten 
consistence, tearing readily under the finger. Under the 
microscope, the fibres are seen to be in an advanced stage 
of fatty degeneration, their sarcolemma, containing mole- 
cules of fat and oil globules, which in many parts have 
escaped and he free amongst the surrounding less degene- 
rated tissues. (Wig. 12, b.) These more localised degene- 
rations are most common in old people, and usually result 
from considerable disease of some branches of the coronary 
blood-vessels, and not from conditions of general anemia. 
The peripheral layers of muscular tissue also frequently 
undergo extensive fatty degeneration as the result of 
pericarditis. The connection between these localised 
degenerations and rupture and aneur- 
ism of the heart 1s well known. 
BROWN ATROPHY OF THE 
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aS HEART.—Somewhat allied to, and 

cf occasionally associated with, fatty de- 

4 nya Pe: generation of the heart, is the condi- 
He) Bor tion known as brown atrophy. This 
SR icsecd consists in a gradual atrophy of the 
ad age muscular fibres, together with the 


Bro Atrophy or tOrmation of granules of brownish- 
Ke piles ene yellow or blackish pigment. These 
Lhe grandes Of plg~- : : 7 
ment and the sire. granules of pigment, which are pro 
phy of the fibres. bably the colouring matter of the 
Pie oe eee muscle, are either grouped in clusters 
gone aliplit fatty ine. around the nuclei, or more generally 
tamorphosis. x 400. distributed within the fibre. The fibres 

are frequently, at the same time, the 


seat of more or less fatty degeneration. (Fig. 14.) This 
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chifnge usually occurs as a senile one, or as a part of 
general marasmus from other causes. It is also met 
with in some cases of cardiac hypertrophy. Its recogni- 
tion is in most cases impossible without the aid of the 
microscope. 


FATTY DEGENERATION OF THE KIDNEYS. 


Fatty degeneration of the kidneys frequently occurs ag 
a result of inflammation of the organs. ‘l'his secondary 
degeneration will be allnded to when treating of renal 
inflammations. Primary fatty degencration is much less 
frequent. It must be borne in mind that the renal epi- 
thelium very commonly contains more or less fat; but it 
is only when this is excessive that it can be regarded as a 
diseased condition. This excessive formation of fat in the 
kidney is, I think, less common than is generally supposed. 
It is, however, occasionally met with in chronic diseases, 
especially in pulmonary phthisis. It is algo a result of 
poisoning by phosphorus. 

In simple fatty degeneration, the change is usually con- 
fined to the epithelium of the cortex. The cortex presents 
on section a somewhat yellowish-white surface, often 
slightly mottled, and this, in most cases, is most marked 
near the bases of the pyramids. There is no adhesion of 
the capsule or granulation of the surface. This change 
appears to interfere but little, if any, with the functions 
of the organs, and in this respect it resembles the analo- 
gous change in the liver. Itis not usually accompanied 
by albuminuria. 

a 
CEREBRAL SOFTENING. 


This is, perhaps, the most suitable place to speak of 
cerebral softening, inasmuch aw fatty degeneration of the 
brain-tissue usually constitutes a prominent feature in 
the histological changes. Softening of the cerebral sub- 
stance is essentially a necrotic process, and may result? 
from all those conditions which interfere with vascular 
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supply. The portions of the brain which are the seat of 
this change may be merely rather softer than the sur-. 
rounding healthy tissue, breaking down more readily 
under a stream of water which is allowed to fall upon 
them—or they may be completely diffluent. They are 
never distinctly circumscribed, but pass by insensible 
gradations into the neighbouring tissue. 
Under the microscope, the change is seen to consist in 

a disintegration of the nerve-tissuc. The white substance 
of the fibres first coagulates, then breaks up mto masses 
of various sizes (mycline), and these usually undergo more 
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Chronic White Softening of the Brain —Showing 
the granular corpuseles, broken-down  nerve- 
fibres, and fat granules, of which the softencd 
substance is composed, One or two nucleated 
eos (probably uerve-cells) are also visible. 
x 250. 


or less fatty metamorphosis. The cells of the neuroglia, 
the small blood-vessels, and, when the grey matter is 
implicated, the large nerve-cells, are also involved in the 
necrotic change. The tissue is thus converted into broken- 
down fibres, granular matter, and molecular fat, and 
amongst this are numbers of the large granular cor- 
puscles already alluded to (Fig. 15). These corpuscles, 
as previously stated, although formerly looked upon as 
the result of inflammation, appear to be simply con- 
*“glomerations of granular matter resulting from the 
degeneration of cellular elements (see Fig. 9), and in 
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the brain, where they are much the most common, many 
of the granules are probably myeline and not fat. These 
corpuscles are exceedingly characteristic of cerebral soften- 
ing. They vary in size from =}, to yqy5 inch in diameter, 
and originate, according to Virchow and Robin, from the 
cells of the neuroglia—the connective tissue of the brain. 
The small arteries and capillaries running through the 
softened part are many of them filled with granules and 
granular cells, the latter probably originating in the 
white blood-corpuscles which have accumulated in the 
part and undergone fatty changes. As the process pro- 
ceeds, the cerebral substance is completely destroyed, and 
all trace of nerve-structure is ultimately lost.* 

The colour of the softened portion varies considerably. 
It may resemble that of the surrounding healthy tissue, 
or be of a yellowish or reddish tint. According to these 
variations in colour, cerebral softenings have been classi- 
fied into white, yellow,and rea. The colour depends in 
great measure upon the amount of blood coutained in the 
part, and on this account is imvortant, as indicating 
the manner in which the softening has been brought 
about. 

White Softening.—This is, in the great majority of 
cases, a chronic process. It occurs especially in old people, 
and is here usually due to that disease of the smaller 
cerebral blood-vessels and consequent interference with 
the circulation which is common as a result of age. The 
impairment of the contractile power of the heart must 
also constitute an auxiliary in the causation of the imper- 
fect vascular supply. The change im the inner coat of the 
cerebral arteries due to syphilis is another cause of this 
form of softening (see “ Syphilis”). It is the gradual 
manner in which the supply of blood is diminished which 
accounts for the absence of hypereemia or hazmorrhage, so 


* According to Prof. Cohnheim the granular corpuscles are 
white blood-cclls impregnated with fatty or other particles derived 
from the surrounding degenerated tissuc.—Vorlesungen ueber Allg. 
Pathologie, Band 1. 
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that the colour of the softened portion either resembles 
that of healthy brain-tissue, or is an opaque dirty white. 
White softening is sometimes acute, in which case it is 
usually due to the sudden obstruction of the circulation 
by the impaction of an embolus in one of the larger 
arteries. (See “ Embolism of the Brain.” 

Yellow Softening.—This is, in most cases, simply a 
variety of the former process, in which, from the fine state 
of division and close aggregation of the granular matter, 
a dead yellowish-white colour is imparted to the softening 
tissue. This colour is probably often partly owing to the 
presence of altered blood pigments, the result of some 
previous slight extravasation. The pigment may some- 
times be seen as fine dark granules, scattered through the 
cells of the neuroglia and the nerve-cells of the grey 
matter, where at first sight they look like fatty particles : 
they are distinguished, however, by their dark black 
colour. A. softening of the brain more rapidly induced, 
as by embolism or thrombosis, may also occasionally be 
of a yellow colour. This, however, is only the case when 
the softened portion has attained a certain age, and much 
of the extravasated blood has been removed by absorp- 
tion. Lastly, a condition of gelatinous oedema of a 
yellow colour, which has been described by Rokitansky as 
often being present in the immediate vicinity of cerebral 
tumours, has been regarded as a varicty of yellow softening. 

Red Softening.— This is commonly a more acute affec- 
tion, most frequently dependent upon vascular obstruc- 
tion, either from embolism or thrombosis. ‘here is col- 
lateral hyperamia, rupture of capillaries, and extravasa- 
tion of blood; the softened tissue is consequently of a 
deep red colour. These forms of softening will be de- 
scribed in the chapter on “ Embolism.” Red softening is 
also sometimes associated with the chronic white variety, 
some of the diseased vessels giving way, and thus extra- 
vasation of blood taking place into the already softened 
cissue. Lastly, red softening may be inflammatory. (See 
“ Inflammation of the Brain.”) 
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CHAPTER V. 


MUCOID AND COLLOID DEGENERATION. 


Unpver this head is included a class of morbid changes 
which ure characterised by a peculiar softening of the 
tissues. Colloid and mucoid degeneration have frequently 
been described under the common term of “colloid 
softenings,” but, although they are closely allied and 
sometimes associated, they appear to constitute two 
distinct processes. 

MUCOID DEGENERATION.— This consists in the 
transformation of the alluminoid constituents of the 
tissues into mucin, owing to which they become con- 
verted into a material of a soft, mucilaginous, jelly-lke 
consistence. This is the condition of nearly all tissues 
in their immature or foetal state ; the connective tissues 
in the fatus consist almost entirely of this soft 
mucin-yielding substance. Some tissues retain these 
characters after birth. The umbilical cord, and the 
vitreous humour of the eye, are both composed of this 
substance. | 

A mucoid change occurs as a physiological process in 
the secretion of mucus, The newly-formed cells undergo 
mucoid transformation, which results in their destruction, 
and the mucus is thus liberated; or the cells may 
evacuate the mucus without being destroyed. This pro- 
cess occurs much more rapidly in all catarrhal conditions 
of the mucous membrane. 

Mucin is closely allied to albumen, more so than to 
either gelatin or chondrin : it differs from it in not con- 
taining sulphur. Like albumen, it is only met with im 
alkaline fluids—being held in solution by the free alkali— : 
from which it is precipitated by dilute acetic acid. It 
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differs from albumen in being insoluble in an excess of 
the acid, and also in not being precipitated by boiling, 
by tannin, or by bichloride of mercury. Its behaviour 
with these two reagents will also distinguish it from 
gelatin and chondrin, which are both precipitated by 
them. 

As a pathological process mucoid degeneration may 
also affect both the cells and the intercellular substance. 
It is met with in cutarrh of mucous membranes, and in 
epithelial cells in other situations; also in connective 
tissue, cartilage, especially the intervertebral and costal 
cartilages of old people, in bone, and in many of the new 
formations. Wherever it occurs it produces softening of 
the affected parts; which are transformed into a homo- 
geneous, colourless material, of a soft mucilaginous Jelly- 
like consistence. If the change is limited to isolated 
portions of the tissue, the softened parts surrounded by 
those which are unaltered, often present the appearance 
of cysts. These cyst-like formations containing mucoid 
substance are not uncommonly met with in the costal 
cartilages and in new growths. 

As to the cause of the mucoid change, nothing is 
known. 

COLLOID DEGENERATION.— This is allicd to the 
former, inasmuch as it consists in a metamorphosis of the 
albuminoid constituents of the cells. The substance 
into which the protoplasm is transformed is known as 
colloid material. Colloid closely resenibles mucin, but it 
differs from it chemically, in containing sulphur, and in 
not being precipitated by acetic acid. Itis a colourless, 
transparent, glistening material of the consistence of jelly 
or half-set Siu. It makes its appearance within the cells 
as small lumps, which gradually increase in size, pushing 
the nucleus to one side, until they completely fill the cell. 
(Fig. 16.) The cells are thus destroyed, and converted 
into colloid masses. The small colloid masses sub- 
‘ sequently swell up, coalesce, and so form larger masses 
of firm, transparent, yellowish, jelly-like material, 
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whsch are readily to be recognised by the naked eye. As 
the colloid matter increases, and the cells are destroyed, 
the intercellular substance atrophies 
or softens, and in this way cyst-like 
cavities are formed, within which is i 
contained the gelatinous substance. pos Z 
Here it may subsequently undergo a we ) a 
process of hquefaction. (See Fig. rood ‘) 


Tic. 16. 
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in enlargements of the thyroid gland, *S. --o3,’ 
in the lymphatic glands, in the choroid oe 
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plexus, and in many of the new forma- 7 / 
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tions. (See “Colloid Cancer.”) Its  \- 
causes and nature aro as obscure as Colloid Cells, from 
those of the allhed mucoid goften- Gadde 
ing. 

It is when occurring in new formations that these two 
forms of degeneration assnme their most important 
aspects. Certain varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
these morbid transformations. The mucous tumoyrs 
(myxomata), which resemble in structure the umbilical 
cord, consist entirely of a gelatinous mucin-yielding sub- 
stance. The sarcomata, lipomata, enchondromata, and 
the cancers may also become the seats of these forms of 
softening. Such growths have sometimes been described 
as gelatiniform or colloid cancers, this term having been 
applied to them without any regard to their structure or 
real nature. Cancers, itis true, may undergo a colloid 
change (see “ Colloid Cancer’); but it is by no means 
true that all tumours possessing these soft gelatiniform 
characters are cancers. The terms “ mucoid” or “ colloid” 
applied to a new growth merely imply certain physical 
and chemical characters, and convey but little mforma- 
tion as to its real nature. 
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ZENKER’S DEGENERATION OF MUSCLE. 


Allusion must be made here to a change met with in 
the muscles in typhoid fever, and occurring under certain 
other conditions, which was first described by Zenker, and 
which has been supposed to be somewhat allied to colloid 
degeneration. This change, when occurring in typhoid, 
is most marked in the recti muscles of the abdomen, the 
adductors of the thigh, and in the diaphragm. The 
portions of muscle affected are more opaque than natural, 
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A Portion of the Soleus Muscle from a Case of Typhoid 
Ferer. Vreparation teased after treatment with Miller’s 
Fluid. x 200. Leduced 4. 


of a reddish-grey or brownish-yellow colour, and abnor- 
mally friable. Under the microscope, the altered fibres are 
much swollen, the transverse striation is lost, and the 
sarcolemma is occupied by a homogeneous, structureless 
material. This material is exceedingly brittle, and, as 
usually seen, presents a wrinkled appearance, or is broken 
up transversely into several irregular fragments, (Fig. 17.) 
The fibres are never universally affected, but many normal 
are associated with altered elements. This change 
necessarily impairs the contractile power of the muscle, 
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and,it often leads to rupture of some of the fasciculi 
and haemorrhage. The new material appears to be 
readily absorbed, and the lost fibres to be quickly 
regenerated. 

With regard to the nature of the change, but little is 
known. Although most frequent in typhoid, it occurs 
occasionally in other severe febrile discases. It is also 
described by Cornil and Ranvier as sometimes occurring 
in muscles in the neighbourhood of abscesses, of inflamed 
bone, and of tumours. Muscles which have been bruised 
or otherwise mjurced, whether before or after systemic 
death, occasionally exhibit a similar change; and Prof. 
Cohnheim considers that it is probably merely some 
disturbed form of post-mortem coagulation of the 
muscle. Whether this be so, or whether the change is 
due to some abnormal chemical process taking place in 
the muscle during life, must in the present state of our 
knowledge remain uncertain. 


CHAPTER VI. 
LARDACEOUS DEGENERATION. 


Larpaceous degencration, which is one of the most im- 
portant of the degenerative processes, is an alteration in 
the tissues characterised by the appearance in them of a 
peculiar homogeneous translucent substance closely allied 
to albumen, by which their vitality becomes diminished 
and their functions impaired. It is often known as the 
amyloid change, this name having been applied to it by 
Virchow, from the supposed resemblance of the new 
material to cellulose or starch. The term lardaceous 
originated in the fact that the affected organs have some- 
what the appearance of lard or wax, and as being that by 
which it is perhaps most generally known, it is here 
adopted. 
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This form of degeneration is very rarely a primary | 
affection, but almost invariably occurs as the sequel of 
some other disease. There are two conditions which 
appear, to be especially concerned in its causation— 
suppuration and syphilis. It is in those diseases which 
are attended by profuse and long-continued suppuration, 
such as chronic diseases of bone, empyema, chronis dis- 
integrative diseascs of the lungs, chronic pyclitis, and 
chronic intestinal ulceration, that the lardaceous change 
is most frequently met with. It also occurs in the ad- 
vanced stages of syphilis, but especially in those cases in 
which there is chronic bone disease or chronic ulceration. 
In quite exceptional cases it is met with in the absence of 
either of these conditions. 

Nearly every organ and tissue may be the seat of the 
change; those, however, in which it is especially prone to 
occur are the liver, the spleen, the lymphatic glands, 
the kidneys, and the intestines. It is met with less 
frequently in the stomach, in the supra-renal capsules, in 
the pharynx, the csophagus, in the bladder, prostate, 
and generative organs, in scrous membranes, in the 
membranes of the brain and cord, and in muscle. It also 
occasionally affects pathological products, as thrombi, 
infummatory exudations, &c. It is rarely limited to one 
organ, but several organs are almost invariably simul- 
taneously affected by it. 

Respecting the nature of the new material which exists 
in the tissues, the analyses of Kekulé and Schmidt show 
that it is a nitrogenous substance closely allied to albu- 
men. The conclusions arrived at by these observers are, 
however, not satisfactory, as they were unable completely 
to separate the substance from the tissues. More 
recently, Kiihne succeeded in more completely isolating 
it. He submitted the affected organs to a process of 
artificial digestion, and inasmuch as the lardaceous 
substance is not dissolved by digestion with pepsin, it 
was thus obtamed free from the tissues in which it was 
contained. The result of Kihne’s analyses is very 
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simpar to those of Kekulé and Schmidt. Dr. Dickinson 
regards the new substance as fibrin deprived of its 
alkaline salts. The investigations of Dr. Marcet* show 
that the affected organs are considerably deficient in 
potash and phosphoric acid, whilst they contain an excess 
of soda and chlorine. In conclusion it may be stated 
that although the precise composition of the lardaccous 
substance has not yet been determined, the results of the 
several analyses appear to justify the opinion that it is 
some modification of albumen. 

The most characteristic feature of the lardaceous sub- 
stance is the peculiar reaction which it gives with iodine, 
aud with iodme and sulphurie acid. If an aqueous 
solution of iodine—made with the help of potassium 
iodide -—be apphed to a lardaceous organ, the affected 
portion changes to a deep reddish-brown colour. This is 
not permanent, but gradually passes off, aud the part 
regains its former appearance. Lf the application of the 
iodine be followed by the cautious addition of sulphuric 
acid, a blackish-blue or violet tint is produced. This 
latter reaction, however, is not easily obtained, consi- 
derable nicety beimg required in the apphcation of the 
reagents. ‘lhe following 1s the method for obtaining it, 
recommended by Professor Virchow:—A dilute aqueous 
solution of 1odine must be allowed to soak well into the 
tissue, the excess must be poured off, and a single drop 
of concentrated sulphuric acid gradually added, when a 
blue or violet colour will be produced, cither at once or 
after sometime. Inthe hands of English pathologists this 
latter reaction has certainly met with but little success ; 
and if the colour be obtained, itis by no means gatis- 
factory, and more nearly resembles a black than the blue 
which has been described. Fortunately, however, the 
reaction with iodine alone is sufficiently characteristic, 
and the attempt to obtain the blue by the subsequent 





* See “ Neport of Committee on Lardaceous Disease,” Trans. Path. 
Soc. Lond, 1871, 
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addition of sulphuric acid, is therefore quite unnecessery. 
If the change is at all advanced, the reddish-brown colour 
will be produced by merely pouring the aqueous solution 
of iodine over the cut surface of the organ; but in slighter 
degrees of the affection, thin sections must be made with 
a Valentin’s knife, and well washed with water to remove 
the blood, before the coloration with iodine can be ob- 
tained. 

Certain other forms of altered albumen exhibit a 
similar colour when treated with iodine, so that this 
reaction cannot be regarded as absolutely characteristic. 
Recently M. Cornil has discovered another property of 
the lardaceous substance, which consists in the deep 
violet red staining which it undergoes when treated with 
a solution of methylaniline violet, the healthy tissue being 
coloured an indigo blue. This reaction appears to be 
valuable, inasmuch as the staining 1s much more per- 
manent than that caused by iodine, and thus is more 
suited for microscopical purposes; and as the iodine 
reaction can be obtained with other albuminous bodies, 
M. Cornil’s method is especially valuable as a confirm- 
atory test. 

The lardaceous substance usually makes its appearance 
first in the small arteries, the cells of the intima and of 
the muscular coat being first affected, then the remaining 
struc:ures of the artery. When the vessels have become 
involved the new material appears in the immediately 
surrounding parts, both in the cells and in the inter- 
cellular substance. The change may thus involve the 
whole organ, or it may be limited to certain portions. »In 
the spleen, for example, it is frequently limited to the 
Malpighian corpuscles ; and in the liver to the cells in the 
more immediate vicinity of the hepatic artery. 

The alterations produced in the tissues by this degenera- 
tion are very characteristic. The cells gradually increase 

in size, they lose any irregularities in their contour, and 
* become rounder and more regular in shape, their nuclei 
disappear, and the whole cell is converted into a atructure- 
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less homogeneous body which has a peculiar translucent 
glistening appearance. (Fig. 18, @.) Ifthe cells are in 
close contact many of them may coalesce, and their dis- 
tinctive boundaries thus become obliterated. (Fig. 18, 4.) 
The intercellular substance in the same way acquires a 
homogeneous glistening appearance. The walls of the 
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Lardaceous Liver Cells, a, Single cells. 6, Cells 
which have coalesced. x 300. (Itindfleisch.) 


small arteries—in which, as already stated, the change 
usually commences—become considerably thickened, the 
cells of the muscular coat enlarge and ultimately coalesce, 
the calibre of the vessel becomes diminished, and the cir- 
culation through it is consequently impeded. (See Fig. 20.) 

Organs in which this change is at all advanced present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually consider- 
ably increased in size; their absolute weight is increased, 
and also their specific gravity; their surface is smooth, 
and the capsule tense and stretched; their consistence is 
firm and somewhat elastic. On section they exhibit a 
peculiar homogeneous, glistening, translucent appearance, 
somewhat resembling wax or glue. Owing to the dimi- 
nished calibre of their blood-vessels, and to the pressure 
exercised by the new material, they contain but little 
blood, and hence are always pale in colour. Although the 
above characters are often sufficiently marked, they should 
always be confirmed by the application of iodine or 
methylaniline to the cut surface of the organ. In slighter 
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degrees of the affection, when the physical characters are 
but little altered, the application of these reagents may 
become necessary in order to discover the presence of the 
new substance. 

The effect of lardaceous degeneration 18 to impair or 
even to completely destroy the nutrition and function 
of those organs which are affected by it. This is 
owing to two causes—the obstruction offered to the cir- 
culation, and the injurious influence of the new material 
upon the vitality of the affected cells. The obstruction to 
the circulation, which results partly from the diminution 
in the calibre of the small arteries, and partly from the 
general pressure exercised by the new substance, causes 
an insufficiency in the supply of arterial blood. As acon- 
sequence of this, the cells tend to undergo fatty meta- 
morphosis, which indeed is frequently associated with the 
lardaceous change. <As this form of degeneration is 
almost invariably secondary to some grave constitutional 
state, it can rarely be looked upon as in itself a cause of 
death, although it may materially hasten, and even deter- 
mine, the fatal termination. 

Having thus described the nature of the lardaceous sub- 
stance, and the way 1n which it makes its appearance in 
the several tissues of an organ, it remains to consider the 
source from which it is derived. The disease has usually 
been regarded as an infiltration, as the deprsition in the 
tissues of some new material derived from the blood. 
This view is based upon the way in which the several 
tissues of an organ are affected, the change usually com- 
mencing in the small nutrient blood-vessels, and extending 
from them to the surrounding parts; upon the general 
character of the affection, several organs being simulta- 
neously involved; and upon the fact that the disease is 
ulmost invariably secondary to chronic suppuration or 
syphihs. The existence, however, of any albuminoid 
substance in the blood which resembles the lardaceous 
material in its chemical reactions, has never been made 
out even in the most marked cases of the disease. This 
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facé must therefore negative the supposition that it is a 
simple infiltration. Ifthe new material be derived from 
the blood at all, it must undergo some chemical change 
subsequently to its deposition in the tissues. Dr. Dickin- 
son considers that it is dealkalised fibrin, which is depo- 
sited in consequence of the loss of the alkali which it 
normally contains. This loss of alkali he attributes to 
the chronic suppuration which usually precedes the 
disease, pus containing large quantities of potassium and 
sodium salts. He consequently terms the disease ‘‘depu- 
rative infiltration.” * Whatever be the exact nature of 
the change, it is probably due to some abnormal state of 
the blood; although whether the new substance found 
in the organs is a deposition, or an altered condition of 
the albumen of the tissues due to the altered blood, must 
for the present remain uncertain. 


LARDACEOUS DEGENERATION OF THE LIVER. 


The liver is one of the most frequent seats of the 
lardaceous change, and here, as in other parts, it probably 
commences in the small nutrient blood-vessels, although 
the alterations are much the most marked in the hepatic 
cells. If a liver be examined in the earlier stages of the 
affection, and the iodine solution applied to thin washed 
sections of the organ, it will be found that the character- 
istic staining is limited to certain portions of the lobules— 
viz., to those which are situated between their external 
and central parts. This intermediate portion corresponds 
with the distribution of the hepatic artery, and the rami- 
fications of this vessel, together with the hepatic cells 
situated in their vicinity, are the first to become affected. 
(Fig. 19.) As the change advances the whole lobule may 
ultimately become involved. The alterations in the hepatic 
cells are very characteristic. ‘They are much enlarged, 
irregular in outline, their nuclei are imperceptible, and 


* “ Medico-Chirurgical Transactions,” vol. 1. 
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many of them are fused together into irregular-shaped 
masses. (See Fig. 18.) 
The earliest seat of the lardaceons change thus differs 
from that of the fatty. In fatty infiltration it is the most 
external portion of the lobule in which the fat first accu- 
mulates—that which corresponds with the distribution of 
the portal vein. (See Fig. 8.) It differs also from that 
pigmentation of the hepatic cells, resulting from me- 
chanical congestion, which takes place in the most central 
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Lardaceous Lirer. A portion of one lobule, showing the 
enlargement and fusion of the hepatic cells, and the greater 
implication of the intermediate zone of the lobule. At the 
more external portion of the lobule are scen several fat 
cells, a certain amount of fatty infiltration being associated 
with the lardaccous change. v. Hepatic vein. x 100. 


portion, around the hepatic vein. (See “ Nutmeg Liver.’’) 
Thus in each hepatic lobule three zones may be distin- 
guished :—an external one, which is the chief seat of 
the fatty change; a central one, which is the chief seat of 
the pigmentary change; and an intermediate one, which 
is the chief seat of the lardaceous change. These three 
zones, indeed, may frequently be recognised by the naked 
eye, the pale opaque external one contrasting strongly 
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with the intermediate one which is translucent, and with 
the darker central one. In the most advanced stages 
of the disease, however, both the external and central 
portions of the lobule may become involved, and the 
cut surface present an almost uniformly homogeneous 
appearance. 

The lardaceous liver is increased in size, often very con- 
siderably so; it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
little altered.’ Its weight is increased, and also its specific 
gravity. Its edge is rounded, the surface is smooth, and 
the capsule appears tense and stretched. The consistence 
is firm and elastic. The cut surface is dry, bloodless, 
smooth, translucent, and waxy-looking, and of a pale 
reddish-grey or dirty yellow colour. If the change is very 
far advanced, the tissue may be perfectly homogeneous, 
all distinction between the individual lobules being lost. 
In other cases the lobules are distinctly mapped out; 
they are enlarged, and the external zone may be of an 
opaque yellowish-white colour owing to the presence of 
fat. ‘This association of the fatty and lardaceous changes 
is exceedingly common. lJardaceous degeneration does 
not obstruct the portal circulation, and hence does not 
cause ascites. It impairs the vitality of the hepatic cells, 
and thus interferes with the functions of the organ. 


LARDACEOUS DEGENERATION OF THE KIDNEYS. 


The kidneys are very liable to be involved in the lar- 
daceous change, and here it is the smaller blood-vessels 
which are more especially affected. It may constitute in 
them the primary lesion, or it may occur subsequently to 
inflammatory conditions implicating the secreting and in- 
terstitial structures. As a primary change it is sometimes 
described as a variety of Bright’s disease. 

The process usually commences in the tufts of vessels® 
which form the Malpighian bodies, the walls of which 
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become thickened by the new material, so that the tufts 
are-increased in size. It then involves the small afferent 
arteries, and ultimately the vasa efferentia and the 
arteriole rectee which run through the medullary portion 
of the organ. The changes produced in the vessels are 
very characteristic, Their walls areconsiderably thickened, 
and their calibre is 80 much diminished that the smallest 
ones cannot be artificially injected. This thickening of 
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Lardaccous Degeneration of a Malpighian Tuft and small 
Artery of the Kidney. Showing the thickening of the walls 
of the vessel, the enlargement of the cells of the circular 
muscular coat, and the homogeneous layer formed by the 
intima aud longitudinal muscular fibres, x 200, reduced 4, 


the walls of the vessels is mainly owing to alterations in 
their muscular coat, and especially to the cells of the 
circular muscular layer. These cells are much increased 
in size, they are more or less globular in shape, and many 
of them have lost their distinctive outlines. The longi- 
tudinal muscular fibres and the most internal coat of the 
vessel are often seen as one homogeneous, glistening, 
structureless layer. (Fig. 20.) After the vessels have 
* become affected, the intertubular tissues of the cortex are 
involved, and in some cases the epithelium of the tubes 
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also undergoes the lardaceous change. In the earlier 
stages of the process, however—if the organ is not the 
seat of any other morbid change—the tubes and their 
lining epithelium present a perfectly natural appearance. 
Many of them contain pale hyaline casts, which also appear 
in the urine. These, however, are probably simply exuda- 
tion products; althouch, from the reaction they occasion- 
ally exhibit, it appears that they sometimes consist of the 
same material as that which permeates the vessels and 
intertubular structures. As the change proceeds, and the 
new material increases in amount, the tubes become com- 
pressed, and in many places completely obstructed. If © 
the compression is not uniform, they may dilate and 
form small cysts, The epithclium, which was at first 
normal, owing to the interference with its nutrition, 
ultimately atrophies and undergoes fatty changes. I1n 
some cases it appears to be the seat of a cuatarrhal 
process, and the tubes are found blocked with the epi- 
thelial products. In the later stages of the process there 
is almost invariably an increase in the intertubular con- 
nective tissue. ; 

The first effect of this change is to obstruct the circu- 
lation in the cortex. The blood-vessels, diminished in 
calibre, allow little but the liquor sanguinis to pass 
through them, the passage of the blood-corpuscles being 
to a great extent prevented: hence the pallor of this 
portion of the organ. ‘he arterial walls are so altered 
that fluids and albumen readily permeate them; and 
thus is produced the large quantity of urine, loaded with 
albumen, which characterises the earlier stages of this 
affection. As the change proceeds, and the tubes 
become obstructed, the urine diminishes in quantity. The 
excretion of urea is less interfered with than in other 
forms of Bright’s disease, and hence symptoms due to its 
retention seldom occur. Tube casts are rarely numerous ; 
they are for the most part hyaline or finely granular, 
though sometimes they are covered with fatty epitheliume 
- In the earlier stages of the affection, the cortex of the 
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kidney is merely rather paler than natural, and perhaps 
somewhat firmer in consistence; but otherwise it pre- 
sents no abnormal appearance. It is only upon the appli- 
cation of iodine to the cut surface, or to thin washed 
sections of the organ, that its diseased condition becomes 
evident. When this test is employed, the Malpighian 
bodies at once become apparent as minute red points 
scattered through the cortex. As the disease advances, 
the size of the organ increases; the enlargement, how- 
ever, 18 principally confined to the cortex. ‘The surface is 
smooth, and the capsule separates readily. The enlarged 
cortex is remarkably pale and anzmic, and has a peculiar 
translucent, homogeneous, wax-like appearance. Its con- 
sistence is hard und firm. A few scattered vessels may 
be seen on the surface, and the bases of the pyramids 
sometimes exhibit an increased amount of vascularity. 
If iodine be poured over the cut surface, the Malpighian 
bodies and the arteries of the cortex become mapped out 
almost as clearly as in an artificial injection. The enlarged 
Malpighian bodies may indeed usually be seen as glisten- 
ing points before the iodine is applied. Frequently, the 
homogeneous appearance of the cortex is interrupted by 
minute, opaque, yellowish-white lines and markings; 
these are produced by the fatty changes in the epithclium 
of the tubes, which so commonly occur in the later stages 
of the affection. Ultimately the capsule becomes more 
or less adherent, and slight irregular depressions make 
their appearance upon the surface of the organ: the 
latter are due to atrophic changes in some of the tubes. 
If, as 18 usually the case, the process is associated with 
an increase in the intertubular connective tissue, the 
atrophy of the organ will be more marked. (See “ Inter- 
stitial Nephritis.”’) 


LARDACEOUS DEGENERATION OF THE SPLEEN. 


+ Lardaceous degeneration of the spleen is met with in 
two forms—one in which the disease is limited to the 


LARDACEOUS DEGENERATION. 89 


Malpighian corpuscles—the Sago Spleen, and the 
other in which the pulp appears to be chiefly implicated. 
The former is much the more common condition. In 
it the Malpighian corpuscles undergo the lardaceous 
change, and become converted into translucent wax-like 
bodies, much lke boiled sago; hence the name. The 
process commences in the small arteries of the corpuscle, 
and then the lymphatic cells, of which the corpuscle is 
made up, are involved; they increase in size, become more 
irregular in outline, many of them coalesce, and ulti- 
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Lardaceous Degeneration of the Spleen—* Sago Spleen.” A 
portion of one of the altered Malpighian corpuscles, a, with 
the adjacent normal splenic tissue, 6. Showing the increase 
in size, and in many parts, the coalescence of the cells, of 
which the corpuscle is composed, x 200. 


mately the whole is converted into a pale, firm, translu- 
cent, glistening mass. (Fig. 21.) 

The sago spleen is more or less enlarged; its weight 
and density are also increased. The cut surface is smooth, 
dry, and studded all over with small glistening sago-like 
bodies, varying in sizo from a millet to a hemp-seed, 
which are stained a reddish-brown colour by the iodine 
solution. These may become so large as to occupy a 
large portion of the organ, although in earlier stages of 
the affection they are so minute that they can only be 
seen in thin sections of the tissue. 

In the other variety of lardaceous spleen, the pulpy. 
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parenchyma between the corpuscles is principally affected. 
This is probably merely an advanced stage of the former 
condition, in which the disease extends from the cor- 
puscles to the surrounding pulp; the whole organ being 
ultimately involved. Under these circumstances the 
organ often attains a considerable size, much larger than 
is met with in the sago spleen. It is remarkably hard 
and firm, and the capsule is tense and transparent. On 
section it presents a dry, homogeneous, translucent, 
bloodless surface, of a uniform dark reddish-brown colour. 
Thin sections can be readily made with a knife, the organ 
cutting like soft wax. The corpuscles are not visible as 
in the former variety, being probably obscured by the 
surrounding pulp. 


LARDACEOUS DEGENERATION OF LYMPHATIC 
GLANDS. 


In the lymphatic glands the process much resembles 
that in the spleen. The small arteries in connection with 
the follicles of the gland are the earliest seats of the 
change; and from these it extends to the lymphoid cells. 
The follicle thus becomes ultimately converted into a 
;.nall homogeneous mass. 

The glands are enlarged, and on section the minute 
wax-like bodies can often be seen scattered through 
the cortex. The cut surface is smooth, pale, and trans. 
lucent. 

As these glands are largely concerned in the formation 
of the blood-corpuscles, their implication in the lardaceous 
change must to a large extent aid in producing the ema- 
ciation and anw@mia which characterise this affecticn. 
The same is true of the spleen, which is usually simul- 
taneously involved. 
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LARDACEOUS DEGENERATION OF THE ALIMENTARY 
CANAL. 


The whole of the alimentary tract may be the seat of 
the lardaceous change, and here it assumes an important 
aspect from the deleterious influence which it exercises 
upon the absorbent and secreting processes, and from the 
consequent impairment of the general nutrition which 
results. The disease, however, in this situation is very apt 
to escape observation, as it produces but little alteration 
in the appearance of the parts. The mucous membrane 
may look somewhat pale, translucent, and cedematous, 
but otherwise to the naked eye nothing is discoverable. 
It is only upon the application of iodine to the washed 
mucous surfaces that the nature of the change becomes 
apparent. In the small intestine—which is perhaps the 

* part most commonly affected —the effect of the applica- 
tion of iodine is very characteristic, A number of small 
reddish-brown points appear over the whole surface of 
the membrane; these correspond to the intestinal villi, 
the arteries and capillaries of which have undergone 
the lardaceous change. In the stomach and cesophagus 
the vessels are mapped out in a similar manner by the 
iodine solution. The change in the intestine gives rise 
to serous diarrhoea, this being probably due to an in- 


creased permeability of the degenerated walls of the 
vessels. 


THE CORPORA AMYLACEA. 


The corpora amylacea or “amyloid bodies,’ so fre- 
quently met with in the nervous system, in the prostate, 
and in other parts, have usually been looked upon as more 
or less allied to the lardaceous substance; there appears, 
however, with the exception of a certain sifnilarity in their 
behaviour with iodine and sulphuric acid, to be no con- 
nection between them. ° 

They are round or oval bodies, formed of a succession 
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of concentric layers, and are often changed to a deep blue 
colour by iodine, thus bearing, both in their structure and 
chemical properties, a strong resemblance to granules 
of vegetable starch. (Fig. 22.) Sometimes, however, 
the blue is only exhibited 
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Corpora Amylacee from the ‘ 

Prostate. (Virchow.) to the naked eye; sometimes 

being as much as one or two 

lines in diameter. The larger ones are usually formed 

by the conglomeration of the smaller granules, which are 
often enclosed by a common envelope. 

They occur especially in conditions of atrophy or 
softening of the nervous system; the ependyma of the 
ventricles, the white substance of the brain, the choroid 
plexus, the optic nerve and retina, and the spinal cord 
being their favourite seats. The larger forms are met 
with most frequently in the prostate. ‘The prostate of 
nearly every adult contains some of these bodies; and 
they may accumulate here to such an extent as to form 
large concretions. They are occasionally met with in the 
lungs, and in mucous and serous membranes. 

As has been said they usually exhibit a bright blue 
colour upon the application of iodine alone, although in 
some cases not until the subsequent addition of sulphuric 
acid. Many of them, however, are coloured green, or 
even brown by these reagents. The green is due to their 
admixture with nitrogenous matters, which give a yellow 
colour with iodine, and hence the combination yields a 
green. The greater the amount of nitrogenous matter the 
more brown does the colour become. 

From the laminated structure of these bodies they 
would uppear to be formed by the gradual precipitation 
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of some material, layer by layer, upon the surface of pre- 
existing particles. The nature of the material, however, 
does not appear to resemble that of the substance met 
with in lardaceous degeneration. The two processes are 
so different, both in the circumstances under which they 
occur and in the characters and seat of the morbid pro- 
ducts, that they cannot be looked upon as analogous. 
Lardaceous degeneration is a gencral change, whereas the 
formation of the corpora amylacea is evidently of a local 
nature. The latter is often preceded by those local 
atrophic changes associated with advanced life, and ap- 
pears to consist in the deposition of some material, pro- 
bably liberated in the tissues themselves, upon any free 
body which may exist in its vicinity. 

The corpora amylacea, especially those occurring in 
the choroid plexus and in the lateral ventricles, are very 
liable to become calcified, and they then constitute one 
form of “ brain sand,” which is so often met with in these 
situations. 


CHAPTER VII. 
CALCAREOUS DEGKNERATION. 


Caxtcarzous Degeneration—or, as it is more commonly 
called, Calcification-—consists in the infiltration of the 
tissues with calcareous particles. Physiologically, an in- 
filtration of calcareous particles takes place in the forma- 
tion of bone, in which lime and magnesian salts are depo- 
sited in the fibrous or cartilaginous matrix. This physio- 
logical is precisely similar to the pathological process. It 
is important, however, to distinguish simple calcification 
from ossification. In the latter there is not only a depo- 
sition of lime salts, but an active change in the tissue 
itself—a proliferation of the cellular elements, an intimate 
union of the calcareous matters with the tissue, and the 
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formation of a true osseous structure in which the cal- 
careous particles are not visible. Calcification, on the 
other hand, is a purely passive process: there is no in- 
creased nutritive activity of the part, no multiplication of 
elements, no alteration of the structure, but merely an 
infiltration with calcareous particles. 

An infiltration and deposition of calcareous substances 
occurs under two opposite conditions: one—in which 
there is an absolute increase in the amount of these con- 
stituents in the blood, and a portion of the excess becomes 
deposited in the tissues; the other—in which there is no 
such increase, but the deposition takes place owing to 
some alteration in the tissue itself. hat the calcareous 
particles are in all cases brought to the part, and are not 
simply those normally contained in it which have become 
precipitated, is shown by the fact that their quantity 
greatly exceeds that of healthy tissue. | 

An absolute increase of the saline constituents in the 
blood, and the deposition of the excess in the tissues, is 
much the less frequent form of calcification. It occurs in 
some forms of softening of bone, especially in extensive 
caries and osteomalacia. In these diseases the lime salts 
are removed from the bone, returned into the blood, and 
some of them deposited in other tissucs. In such cases 
the calcification is usually more or less general—many 
organs being simultaneously involved. In osteomalacia 
it is not uncommon to find the kidneys, the lungs, the 
stomach, the intestines, and even the dura mater and 
liver, infiltrated to a greater or less extent with lime salts. 
The deposition takes place in the tissue immediately 
surrounding the blood-vessels, through the walls of which 
the calcareous matters transude ;—thus, in the lungs the 
seat of the change is the interlobular tissue; in the 
stomach, the stroma between the glands; and in the 
kidney, the tubuli uriniferi and the intertubular tissue. 
Analogous to this form of calcification is the deposition of 
the excess of urate of soda which takes place in gout. 

In the great majority of cases, however, calcification ig 


a local change, depending not upon any alteration in the 
composition of the blood, but upon changes in the tissues 
themselves, owing to which some of the saline mattorg 
which are normally held in solution in the blood are de- 
posited in them. The alteration in the tissues consistg in 
some enfeeblement of the nutritive processes, associated 
with a diminution in the amount of blood, and a retarda- 
tion of its circulation. Calcification is therefore very fre- 
quent as a senile change, and is especially common in the 
arteries of old people. (See “ Calcification of Arteries.”) It 
also occurs under other circumstances where tissue changes 
are very feeble, as in thrombi, in the cascous masses 80 
common in the lungs and lymphatic glands, in atheroma- 
tous arteries, and in non-vascular tumours. Respecting 
the cause of the deposition of the calcareous substances— 
it is probably partly due, as stated by Rind#leisch, to the 
stagnation of the nutritive fluids in the part, owing to 
which the free carbonic acid, which appears to hold the 
salts in solution, escapes, and they are consequently pre- 
cipitated ; and partly to the non-assimilation of these 
fluids by the enfeebled elements of the tissue. 

The calcareous particles make their appearance both 
within the cells and in the intercellular substance; they 
are much more frequent, however, in the latter situation. 
They are seen at first as fine molecules scattered irre- 
gularly through the intercellular substance. (Fig. 23.) 
They are characterised, when viewed by transmitted 
light, by their opacity, dark black colour, and irregular 
outline, and also by their solubility in dilute mineral 
acids. They gradually increase in number until ulti- 
mately large tracts of tissue may be converted into an 
opaque calcareous mass, in which the cells are enclosed 
and can no longer be recognised. These larger masses 
have a sharp black irregular outline, and as the calcification 
becomes complete, acquire a homogeneous, glistening, 
semi-transparent appearance. The cells themselves are 
much less frequently infiltrated, being usually merely 
enclosed and obscured by the calcified intercellular sub- 
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stance. Calcareous particles may, however, make their 
appearance in the protoplasm, and, gradually increasing, 
convert the cell into a homogeneous calcareous body. 
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A Caleified Sarcomatous Tumour, Showing the 
minute calearcous particles seattered through the 
intercellular substance. ‘To the left of the figure they 
are so abundant as to almost completely obscure the 
cells, x 200. 


The calcareous matters consist, for the most part, of 
lime and magnesian salts, especially the phosphates and 
carbonates. If the latter are present, the addition of a 
little dilute hydrochloric acid is followed by the appear- 
ance of numerous minute air bubbles in the tissue, owing 
to the liberation of carbonic acid. In those cases in which 
calcification is associated with retained gland secretions, the 
calcareous matters will consist of the specific gland salts. 

A part which has become calcified undergoes no further 
change; its vitality 1s completely destroyed, and it 
remains as an inert mass. In this respect calcareous 
differs from fatty degeneration. In the latter, subsequent 
changes invariably take place; the part either softening, 
caseating, or becoming the seat of calcification itself. It 
differs also in its effect upon the tissue. The structure 
of the affected part is not destroyed, and there is no 
annihilation of histological elements, such as occurs in 
fatty degeneration. The tissue is simply impregnated 
with calcareous matters, which have no other effect upon 
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it than to render it inert; its vitality is destroyed, but its 
structure—in so far as the calcification is concerned—~ 
remains unaltered. If the saline matters are dissolved 
out with a little dilute mineral acid, the structure of the 
part may be again recognised, unless, indeed—das is so often 
the case—it has been destroyed by any antecedent change. 

Calcification must thus be looked upon in many cases 
as a salutary lesion, the impregnation with calcareous 
matters preventing subsequent changes in the part. This 
. 1s especially the case when it is secondary to other forms 
of degeneration. It is often the most favourable termi- 
nation of the large class of fatty changes, as is exempli- 
fied by the calcification of caseous products in the lungs, 
and of many new formations. It may, on the other hand, 
under certain circumstances, be attended with most dele- 
terious consequences, as is the case when it affects the 
arterial system. 


CALCIFICATION OF ARTERIES, 


Calcification of arteries, like fatty degeneration, may 
be a primary or secondary affection. As a secondary 
change it constitutes one of the terminations of the athe- 
romatous process, and as such is constantly met with in 
the aorta and its branches, and in many other situations. 
(See “ Atheroma.,’’) 

Primary calcification is essentially a senile change, and 
is the result of that impairment of the nutrition of the 
arteries which exists in advanced life. It is associated 
with atrophy of the arterial tissues, and in some cases 
with fatty degeneration. The change is a more or less 
general one, and when occurring in one part is met with 
in others. It usually occurs in vessels of medium size, 
the arteries of the upper and lower extremities and of the 
brain being those most commonly affected. Its most 
common seat is the middle coat, where it commences in 
the musculat-fibre cells. The calcareous particles, which 


are deposited from the vasa vasorum, make their appear- 
H 
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ance at first around and within the nucleus, and gradually 
increase until they fill the cell, which becomes converted 
into a small calcareous flake. The process may go oD 
until the muscular coat is completely calcified, or it may 
be limited to isolated portions of the coat, giving rise to 
numerous calcareous rings and plates which are irregu- 
larly distributed throughout it. From the muscular it 
may extend to tho external and internal coats, until 
ultimately the vessel becomes calcified throughout. 

The vessel thus calcified loses its elasticity and con- 
tractility ; its lumen is diminished, and it is transformed 
into a hard, rigid, brittle tube. This condition is common 
in the external iliac and in the vessels of the lower ex- 
tremity, where it is a frequent cause of senile gangrene. 
(See “‘ Senile Gangrene.”’) 


CHAPTER VIII. 
PIGMENTARY DEGENERATION. 


PiemEnTaRY Degeneration, or Pigmentation, consists in 
an abnormal formation of pigment in the tissues. All 
true pigments are derived from the colouring mutter of 
the blood. Physiologically, many of them are eliminated 
by the kidneys and liver; others are deposited in the 
tissues and there remain permanent. The choroid coat 
of the eye and the skin of the negro are well known 
examples of tissues in which there is this permanent 
accumulation of pigment. The cells in these situations 
appear to be endued with a special power to abstract the 
colouring matters from the blood, and to store them up 
in their interior, where they undergo certain chemical 
changes and become converted into pigment. 

In the pathological process, also, the pigment is derived 
from the same source, although its presence in the tissues 
is rarely dependent upon any abnormal secreting powers 
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in their cellular elements, but is usually the result of 
certain changes in the circulation or in the blood-vessels, 
owing to which the colouring matter of the blood escapes 
and infiltrates the surrounding parts. This escape of 
hemoglobin may be owing to rupture of the vessels 
themselves, or to conditions of congestion or stasis in 
which the blood-corpuscles and liquor sanguinis pass 
through their walls. In either case the haemoglobin will 
permeate the tissues and ultimately be converted into 
pigment. Rupture of the vessels and the direct extrava- 
sation of blood, is, however, the most common antecedent 
of the pigmentary change. Soon after the extravasation 
has taken place, the hemoglobin escapes from the red 
blood-corpuscles, either by exudation or by destruction 
of the corpuscle, and, mixed with the liquor sanguinis, 
infiltrates the surrounding tissues. In other cages the 
process takes place without any solution of continuity in 
the walls of the vessel. This frequently occurs in con- 
ditions of inflammatory stasis and mechanical congestion, 
in which the red corpuscles pass through the walls of the 
capillaries, and some of the hamoglobin is also liberated 
from the corpuscles within the vessels, from which it 
transudes, dissolved in the liquor sanguinis, without 
rupture having taken place. In whichever of these ways 
the haemoglobin is derived, it infiltrates the tissues, 
staining both the cells and the intercellular substance a 
yellowish or brownish-red colour. Itis taken up, however, 
more readily by the cells than by the intercellular sub- 
stance or by membranous or fibrous structures. In 
addition to this formation of pigment from dissolved 
hemoglobin, the red corpuscles themselves may penetrate 
the adjacent cells and there become converted into pigmont. 
Some of the corpuscles also, after their escape from the 
vessels, may shrivel up and become pigment granules. It 
is probable that in some cases these changes and the 
subsequent formation of pigment may take place within 
the vessels. 

After the hemoglobin has remained in the tissue for 

H 2 
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some length of time, it undergoes certain changes :—It 
becomes darker and more or less granular, minute red- 
dish-brown or black granules and crystals make their 
appearance both in the cells and in the intercellular sub- 
stance, and these may gradually increase and form larger 
masses. This change in the hemoglobin is a chemical 
one, and the substance into which it is converted is 
heematoidin. Hamatoidin appears to be closely allied 
to the colouring matter of the bile, cholepyrrhin, which 
is also a derivative of hemoglobin. It exhibits similar 
reactions when treated with concentrated mineral acids, 
displaying the same variations of green, blue, rose, and 
yellow colours. It is insoluble in water, alcohol, ether, 
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Cells containing pigment. Hematoidin crystals. 
Fronia melanotic sarcoma (¥irchow.) 
of the liver. x 350. 





and in dilute mineral acids and alkalies; it is soluble in 
the caustic alkalies, giving ared colour. It contains more 
carbon than hemoglobin; and it also contains iron. 

The granules of hamatoidin vary in size from the 
smallest particles to masses as large as a red blood cor- 
puscle. (Fig. 24.) The larger ones are round, or more 
commonly irregular in shape, and have a sharp defined 
border. Their colour varies from yellow, red, and brown, 
to black. ‘These variations appear to depend upon the 
age of the granules and the tissue in which they are 
formed; the older they are the blacker they become. 
The smaller granules are usually dull and opaque; the 
larger ones, however, often present a more or less glisten- 


PIGMENTARY DEGENERATION. 101 


ing appearance. The crystals of hzematoidin are epaque 
rhombic prisms, usually of a beautiful yellowish-red or 
ruby-red colour, sometimes approaching to brown or 
black. They may also occur as little plates and fine 
needles, but these are less common forms. (Fig. 25.) They 
are in most cases so Small that considerable care is re- 
quired to recognise their crystalline nature under the 
microscope, and they may easily be overlooked as merely 
irregular granular masses. In some cases, however, they 
attain a larger size. They are more or less transparent, 
and present a shining, strongly refracting surface. 

Whether the hxsmoglobin is converted into granular or 
crystalline hamatoidin appears partly to depend upon 
the tissue in which it is situated, the crystals being ex- 
ceedingly common in some situations, as in the brain and 
ovaries, whereas in others, as mucous membranes, only 
the granules are met with. Both the granules and 
crystals are characterised by their durability and by their 
great powers of resistance; when once formed they 
undergo no further change. 

Those forms of pigment—both granular and crystal- 
line—which are of an intensely black colour, have been 
supposed to consist of a substance which differs in che- 
mical composition from hzmatoidin, and which has been 
called melanin. ‘There appears, however, to be no foun- 
dation for such a distinction. Melanin is probably merely 
hematoidin which has become more or less altered by 
age. It is endued with greater powers of resistance, 
being less readily soluble in reagents than the more 
recently formed hamdtoidin, and it contams more 
carbon. 

Pigmentation, although one of the most common forms 
of degeneration, is of comparatively little importance as a 
morbid process. The mere existence of pigment within 
and between the histological elements of the tissues, has 
iu itself but little influence upon their vitality and func- 
tions. The atrophy and impairment of function which so 
frequently accompany it must rather be looked upon as 
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the result of those conditions upon which the formation of 
the pigment depends, than as in any way owing to the 
presence of the pigment itself, 

As evidence of other antecedent sondtions, pigmenta- 
tion assumes a more important aspect. The pigment bemg 
derived from extravasated hemoglobin, in whatever situa- 
tions it occurs, itis usually to be looked upon as the result 
of some alteration in the circulation or in the blood-vessels, 
owing to which the escape of the colouring matter is per- 
mitted. Exceptions to this exist, however, in the case of 
certain pigmented new formations, in which the presence 
of the pigment appears to be mainly owing to the selective 
power of the cells ; these, like those of the choroid, sepa- 
rating the colouring matter from the blood. It is those 
growths which originate in tissues normally containing 
pigment, as the choroid and rete mucosum, which are 
most frequently melanotic. (See “ Melanotic Sarcoma.”) 
In Melanemia, again, the large quantities of pigment 
which exist in the blood are probably the result of a local 
formation—for the most part by the spleen. Lastly, in 
Addison’s disease, the pathology of the pigmentation of 
the skin is at present involved in obscurity. 

Pigment is often the only evidence of a formcr ex- 
travasation. This is frequently the case in cerebral 
heemorrhage, where the crystals of hamatoidin may be 

all that remains to indicate that rupture of the capillarieg 
has taken place. In the ovaries, also, the slight hamor- 
rhage which follows the escape of the ovum at each men- 
strual period is marked by the formation of pigment 
which constitutes the “corpus luteum.” In mechanical 
congestion and inflammation, again, the consequent pig- 
mentation may be the prinéipal evidence of the former 
existence of these conditions: this is especially seen in 
pigmentation of the mucous membrane of the stomach 
and intestines. The formation of pigment is thus, with 
the few exceptions above named, the result of some ante- 
cedent change in the blood-vessels or circulation; and its 
presence in the tissues appears to be little more than a 
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testimony to the existence of those processes upon which 
its formation depends, 

FALSE PIGMBENTATION.—There are certain forms 
of discoloration of the tissues which are not due to the pre- 
sence of hematoidin: these must be distinguished from 
true pigmentation. The most important of them, and that 
which is most closely allied to the process already de- 
scribed, is the staining of the tissues with the colouring 
matter of the bile, which is itself a derivative of hemo- 
globin, and is, as before stated, very analogous to hama-~ 
toidin. This yellow staining may affect nearly all the 
tissues, constituting “jaundice ;” or it may occur in the 
liver alone, from local obstructions to the small bile-ducts, 
as is often seen in cirrhosis of that organ. In these cases, 
however, there is merely the staining of the tissues with 
the colouring matter of the bile and no subsequent con- 
version of this pigment. 

The discoloration cansed by the long-continued use 
of the salts of silver must also be distinguished from 
pigmentation : the colour here is due to the deposition of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effusion of 
large quantities of blood into the tissues, must again not 
be confounded with pigmentation. The discoloration in 
these cases is the result of the action of the sulphuretted 
hydrogen upon the colouring matter of the blood. The 
greenish-black discoloration so often seen on the surface 
of the liver, kidneys, and other abdominal organs after 
death, 1s in the same manner due to the intestinal gases. 
Lastly, the minute particles of inhaled carbon which are 
always met with in the lungs must be distinguished from 
true pigment. 


PIGMENTATION OF TIE LUNGS. 


In no organs is pigment met with so frequently and in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The lungs 
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normally contain more or less black pigment, the amount 
of which gradually increases with advancing age—the 
lungs of infants and young children being almost free 
from it, whereas those of adults invariably contain it in 
considerable quantities. 

This normal pigmentation of the lungs is principally 
due to the presence of carbon, and not to that of true 
heematoidin-pigment. The carbon—which is derived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is always present in varying quantities in 
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slight emphysema. Showing the situation of the pigment in the 
alveolar walls, and around the blood-vessel v. x 73. 














the atmosphere—is inhaled, and the minute particles pass 
into the finest bronchial tubes. Having entered the 
bronchi, many of them are taken up by the mucus- 
corpuscles, where they may be seen as small black gra- 
nules within the cells. These may readily be observed in 
the cells of the greyish-black sputum which is so fre- 
quently expectorated in the early morning. Much of 
the carbon thus inhaled is eliminated by expectoration 
many of the particles, however, pass into the air-vesicles, 
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and here their removal by this means being less readily 
effected, they gradttally penetrate the pulmonary sub- 
stance, and make their way into the alveolar walls and 
interlobular tissue. 1t is in these situations that most of 
the pulmonary pigment is found, and there it may be 
seen either within the connective-tissue cells, or lying free 
amongst the fibres. (Fig. 26.) 

The means by which the particles of carbon penetrate 
the walls of the air-vesicles, and make their way into 
the inter-alveolar tissue, has been explained by the 
researches of Dr. Klein on the histology of the lungs.* 
Dr, Klein finds that the branched connective-tissue cells 
of the alveolar walls send a process, or a greater or less 
portion of their body, between the epithelial cells of the 
alveolus into the alveolar cavity. As these connective- 
tissue cells lie in the serous canals, which constitute the 
commencement of the perivascular lymphatics, it is easy 
to understand how these openings in the alveolar walls 
(pseudostomata) may become sufficiently distended to 
allow cells and other substances to pass through them 
from the alveolar cavity into the inter-alveolar tissue. 
When once the carbon has made its way into the inter- 
lobular tissue, some of it is tuken up by the fixed cells in 
this situation, whilst that which is not thus detained 
passes on to the lymphatics, and is deposited in the 
bronchial lymphatic glands, where the black particles are 
also visible. 

Closely allied to this physiological pigmentation of the 
lung from the inhalation of carbon, are those morbid con- 
ditions which result from the inhalation of particles of 
coal, stone, tron, and other substances—of which the 
lungs of miners, stonemasons, and grinders afford fre- 
quent examples, Here also minute particles enter the 
bronchi, penetrate the walls of the alveoli, and are de- 
posited principally in the interstitial tissue. In the 


* “On the Anatomy of the Lymphatic System of the ‘Hangs, ” by 
Dr, E, Klein, Proceedings Royal Society, No, 149. 1874 
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case of miners—in which this is most common—the par- 
ticles of coal enter the lungs in such*large quantities as 
to give to them a uniform dark black colour. In stone- 
masons, grinders, &., the lungs also become deeply 
pigmented, although to a less extent than those cf 
miners. 

The black colour of the lungs in these cases, however, 18 
not entirely due to the presence of the inhaled substances, 
but partly to that of true hmematoidin-pigment. The 
inhalation of the irritating particles scts up inflammatory 
changes in the bronchi and pulmonary tissue, causing 
chronic bronchitis, chronic catarrhal pneumonia, and a 
large increase in the fibrous tissue of the lungs, which 
thus ultimately become consolidated, excavated, tough, and 
fibrous (“ Colliers” and “ Kuite-grinders’ Phthisis,” &c.). 
Owing to these structural changes there is a considerable 
escape of colouring matter, either from rupture of the 
‘capillaries or transudation of serum, and hence a large 
formation of true pigment; and to this true pigment 
much of the dark colour of these lungs must undoubtedly 
be ascribed. The lungs of stonemasons and grinders are, 
like those of miners, deeply pigmented, although to a less 
degree; but the black colour in the former cases cannot 
be entirely accounted for on the supposition that itis due 
to the presence of inhaled particles. : 

Pigmentation of the lungs from the presence of hama- 
toidin occurs as the result of many other morbid condi- 
tions, many diseases of these organs being attended by 
the formation of pigment. In chronic phthisis, pigmen- 
tation occurs, partly as the result of the inflammatory 
process, and partly from the obstruction of the vessels 
caused by the new growth:—lines of pigment are con- 
stantly seen surrounding the nodules of consolidation. 
In acute croupous pneumonia, the blood which is extra- 
vasated into the air-vesicles, and which in the early stages 
gives to the expectoration a rusty or prune-juice colour, 
subsequently becomes converted into pigment, and the 
sputum becomes of a greyish-black; the pigment granules 
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being visible in the newly-formed cells. The cells met 
with in the sputum of bronchitis also contain granules of 
pigment (Fig. 27); and pigmentation plays an important 
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Cells from the Sputum of Acute Bronchitis, Showing 
the minute granules of pigment within the cells, 
Some of the cells also contain a few fatty mole- 
cules. x 400. 





part in the condition of the lungs known as brown indu- 
ration. (See “ Brown Induration of the Lungs.’’) 

Pigment in the lung usually occurs as black irregular 
granules; it is rarely met with in a crystalline form. In 
all cases in which it is found in any quantity in the lung 
it is also found in the bronchial glands. It is taken up 
by the lymphatics and, like the inhaled carbon, it becomes 
arrested in its passage through these glands, where it 
remains permanently. 


CHAPTER IX. 
TISSUE-CHANGES IN PYREXTIA. 


Ir is proposed in the present chaptcr to allude very 
briefly to those alterations in the tissues which are met 
with in certain pyrexial diseases, to which have been 
applied the terms “ parenchymatous” or “ granular dege- 
neration,” “albuminous infiltration,” “acute,” or “cloudy 
awelling.” ‘ 
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It is well known that in most diseases which are accom- 
panied by a considerable elevation of the bodily tempe- 
rature, and especially in those in which the blood has 
undergone marked changes, the organs and tissues are 
found much altered after death. The diseases in which 
such alterations are most frequently met with are pyewmia, 
erysipelas, typhus, typhoid, and other acute specific 
fevers, and acute rheumatism. They also occur in other 
diseases which are attended by considerable pyrexia, but 
they are most marked in the specific fevers, and appear 
to depend more upon the alteration of the blood in these 
fevers than upon the amount of elevation of the bodily 
temperature. The organs in which the alterations 
principally occur are the liver, the kidneys, the heart and 
muscles, and the lungs. Sometimes the changes are 
much more advanced in some organs than others, owing 
probably to differences in the local circulation. 

The physical characters of the altered organs vary. It 
muy, however, be stated generally that the organs are 
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Liver froma case of Acute Rheumatism with 
high Temperature. Showing the swollen and 
granular condition of the liver-cells. In many 
of the cells the nucleus is so much obscured 
as to be almost indistinguishable. x 200. 


more or less swollen and opaque, somewhat diminished in 
consistence, and abnormally friable. Their vascularity is 
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usually diminished, but in some cases slightly increased. 
When examined microscopically, the cellular elements 
are found to be increased in size, and their protoplasm 
is markedly granular, so that the nucleus is often so much 
obscured as to be indistinguishable. (Fig. 28.) The 
granular condition of the protoplasm appears in most 
cases to be due to albuminous particles, inasmuch as it dis- 
appears upon the addition of dilute acetic acid. In other 
cases, however, in which the change is apparently more 
advanced, many of the granules are larger, insoluble in 
acetic acid, but soluble in ether, and obviously fatty. 

The Liver.—Here the change is usually met with in 
its most marked degree. The organ is slightly enlarged, 
abnormally soft and friable, and the cut surface has a 
dull opaque look, being paler than natural. The liver 
cells are swollen and granular, and in many cases contain 
fatty particles. (See Fig. 28.) 

The Kidneys.—In the kidneys the change affects 
especially the cortex. This is swollen, opaque, and friable. 
The Malpighian bodies and the pyramids are usually 
abnormally vascular, and thus contrast with the pale 
cortex. The epithelium in the tubes of the cortex pre- 
sents the appearances above described. These are pre- 
cisely similar to those met with in the earlier stages of 
tubal nephritis. 

The Heart.—The alteration produced in the heart 
consists in slight opacity, pallor, and diminution in the 
consistence of the muscular tissue. Under the microscope 
the muscular fibres are seen to have lost their distinct 
striation and to be finely granular. (Fig. 29.) Sucha 
condition must materially interfere with the contractile 
power of the organ. A similar change is met with less 
frequently in other muscles. 

The Lungs.—The change in the lungs has been de- 
scribed by Buhl as consisting in swelling of the alveolar 
epithelium. The epithelial elements are markedly 
granular from the presence of albuminous and fatty 
particles, and they become loosened from the alveolar 
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walls. The change affects, more or less, the whole of 
both lungs. The organs are enlarged, oedematous, and 
abnormally friable.* 

This change occurs not only in pyrexia, but also in the 
earlier stages of the process of inflammation. Here also 
a swollen and granular condition of the protoplasm is 
met with, especially in epithelial and endothelial elements. 
It is to this that Virchow gave the name of “cloudy 
swelling.” (See chapter on “ Inflammation.’’) 


Fig. 29. 





Muscular Tissue of the Heart, from a case of 
severe Typhoid Ferer, Showing the granular 
condition of the fibres and the loss of their 
striation. x 400, 


Respecting the nature of the change—nothing is cer- 
tainly known. Dr. Wickham Legg produced it arti- 
ficially in animals by submitting them to a high tempera- 
ture, and he, in common with some other pathologists, 
is inclined to look upon it simply as a result of the high 
temperature. The probability that it is due rather to 
specific alterations of the blood has been already alluded 
to. An exact knowledge of its pathology, however, must 
await further experimental investigation. In the mean- 
time, when it is borne in mind that the conditions in 
which it occurs are attended by alterations in the blood 
and in the nutritive processes, and that im advanced 
degrees of the change it is accompanied by more or less 
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fatty metamorphosis, it may be regarded as probable that 
its occurrence will be found to bedue partly to interference 
with the normal processes of tissue-oxidation, and partly 
to increased transformation of the protoplasm of the cells. 
(See “ General Pathology of Fatty Degeneration.’’) 

Whatever be the nature of the change, there can be no 
doubt that it must very materially interfere with func- 
tion, and that its occurrence in’ the course of acute dis- 
ease, especially when affecting the heart, must constitute 
a most important source of danger. Although it may 
lead to more or less fatty degeneration, it tends, if death 
does not supervene, to terminate in perfect health. 


CHAPTER X. 
NUTRITION INCREASED. 


THREE conditions must now be considered — Hyper- 
trophy, Regeneration, and Tumour-formation, which 
have this in common—that in each the nutritive ex- 
change of certain cells is so disturbed that formation 
exceeds waste and growth results, just as in the physio- 
logical state. Pathological growth occurs in obedience 
to the same laws as physiological. In hypertrophy and 
regeneration the structure and function of the mother- 
tissuc are retained, and no line can be drawn between 
pathological and physiological tissue-formation ; but in 
tumours the disturbance results in the formation of a 
mass of new tissue, which fulfils no physiological pur- 
pose, which is always a morphological, and is frequently 
a structural, variation from the type of the part. 

Normal growth depends upon—1. The inherited ten- 
dency of the cells to grow, 2. The supply of food, and 
8. The amount of waste. Pathological new-growth will 
be due to abnormality of one or more of these factors. 
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HYPERTROPHY. 


HYPERTROPHY means increase in size due to 
enlargement or multiplication of the normal consti- 
tuent elements of a part or tissue, all being affected 
proportionately ; so that external form and minute 
structure are alike preserved—e.g., hypertrophied heart 
from valve disease, or kidney after loss of its fellow. 
This is true hypertrophy, and is accompanied by in- 
creased functional power. Thc terms false or pseudo- 
hypertrophy indicate that the enlargement of an organ 
or part is due to overgrowth of one set of elements, 
often at the expense of another. It is the connective 
tissue which generally becomes excessive, whilst the 
higher tissues atrophy —e.g., pseudo-hypertrophy of 
muscle. In these cases functional power is diminished. 
Both true and false hypertrophy may be extensive, in- 
volving one or more limbs; the latter, when localised, gives 
rise to the “‘ hyperplastic tumours’? Hypertrophy is said 
to be simple when due to increase in size of the elements 
of a part; numerical, when to increase in their number. 
The latter is also called hyperplasia. These two fotms 
are comparable to simple and numerical atrophy. In all 
hypertrophies hyperplasia is constant, and may be the 
sole cause of enlargement; but simple enlargement of 
cells may occur in each tissue, and is frequent in muscle 
and glands. In the great example of physiological hyper- 
trophy—the gravid uterus —it is very marked, some fibres 
reaching 7-11 times their normal size. 

The mode of causation of hypertrophy is in many 
cases unknown. Often we cannot say whether a given 
case is due to excessive vital energy of the cells of the part, 
to the setting aside for its embryonic rudiment of too 
large a number of cells, to diminution of the resistance 
to growth, to an ampler food-supply, or to diminished 
waste. The clearest cases are those in which there is 
obviously an increased supply of food. For hypertrophy 
to occur, hyperemia must be prolonged or frequently 
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repeated; the cells of the part must possess ability to 
grow, for apparently no hypersmia would prevent a 
thymus from atrophying, or cause hyperplasia of adult 
ganglion cells; and, finally, action is neccessary to active 
assimilation in the working tissues of the body—muscle 
and gland (see p. 8). 

When muscle contracts frequently against an increased 
load, it hypertrophies—as is seen in training—unless the 
load is tou heavy, when atrophy results. Frequent contrac- 
tion alone is insufficient, as is shown by hands used actively 
but not forcibly, by hearts after years of palpitation, by 
bladders after the frequent micturition of pyelitis. But 
insert an obstruction in the circulation, or in the urinary 
passages, which the heart or bladder can overcome, and 
hypertrophy begins. Examples of these compensatory 
hypertrophies are afforded by the heart in early stages 
of valve disease, the bladder in stricture of the urethra, 
the intestine just above a permanent stricture, a vein in 
aneurismal varix, or any vessel through which an abnormal 
quantity of blood is forced. 

When an organ is removed, or prevented from func- 
tionating, other organs which take on its work hyper- 
trophy, receiving the blood which should have sup- 
plied the diseased organ as well as their own. ‘This 
is best seen in the kidney; rarely in the testis and lung. 
Removal of one submaxillary would not cause hyper- 
trophy of other salivary glands; this would occur only 
from more frequent stimulation of their secretory nerves, 
which probably produces the large submaxillary glands 
seen in epithelioma of the tongue. But the kidneys are 
under nerve-control to a much less extent; they seem to 
be excited to secrete by the presence in the blood of 
material suitable for their secretion, and hypertrophy 
naturally results from continucd greatly increased supply 
of blood containing excess of urea, &. Enlargement of 
lymphatic glands has been noted after removal of thespleen. 
Increased weight thrown on a bone causes thickening of 
it—e.g., of the fibula in ununited fracture of the tibia. 
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Repeated hyperemia frgm slight injuries causes the 
thickened epithelium on the labourer’s hand, and a corn 
arises similarly. Increased blood-supply to a limb may 
cause lengthening of a bone, of which one epiphysis 
remains ununited, as has been seen in large ulcers, caries, 
necrosis &c. The soft parts increase secondarily. The 
hypertrophied spleen of intermittent fever, and the 
thyroid in endemic goitre (Kl cbs), are due to active hyper- 
semia, perhaps excited by the presence of organisms. 
Exophthalmic goitre has been attributed to vaso-motor 
paralysis from disease of the ganglia, but it is doubtful 
if it would result from such a lesion (p. 12). 

Diminished waste is, apparently, not a common 
cause of hypertrophy. The best example is that of 
the sub-involuted uterus, the bulk of which is made 
up of hypertrophied muscle, and connective tissue with 
thick-walled vessels. Hair and nails uncut, and un- 
opposed teeth grow till their vessels supply only nutri- 
ment enough to maintain them in their finally attained 
condition. The sclerosis of bone produced by small doses 
of phosphorus, the increase in size and strength of 
animals treated with small doses of arsenic, and the in- 
vigorating effect of this drug upon Styrian mountaineers, 
may perhaps be explained by diminished: waste. 

There remain certain cases in which the ctiology is 
even more doubtful than in the above. Firstly the cases 
of true giant-growth—increase in length, rather than 
in breadth, being implied; hypertrophy of the whole 
body (giants); of half the body (rare); of whole limbs 
or of parts of them, as fingers and toes. Such parts 
are, on dissection, normal except in size. Secondly, 
causes of false giant-growth in which the connective 
tissue alone is increased, the part being often muis- 
shapen: lymphatics are often dilated, even to cysts, 
and the blood-vessele may be nwvoid. Examples are 
met with especially in the hp (makro-cheilia), tongue 
(makro-glossia), and lower extremity. In some of the 
above, which are congenital or appear soon after birth, 
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there may be excessive vital energy or too large a 
number of the cells forming the rudiment of the 
part or tissue. 

‘Nothing is known of the causation of senile hyper- 
trophy of the prostate; nor of the enormous, but rare, 
enlargement of the female breast which occurs at 
puberty. 


CHAPTER XI, 
TUMOURS. 


Tor first notion which the name tumour conveys is 
that of swelling; but swelling may result from various 
pathological processes, and it is consequently necessary 
to exciude such swellings as do not conform to the 
idea which rises in the pathologist’s mind when a swell- 
ing is described as a tumour. ‘The features of this idea 
are—a formation of new tissue which is abnormal to 
the part; which disturbs its form, and differs from it 
more or less markedly in minute structure; which per- 
forms no physiological function; and which has not 
arisen from the causes, or with the course, of inflam- 
mation. 

That tumours are formations of new tissue necessi- 
tates the rejection of all swellings due solely to 
retention of secretions (retention-cysts), or to extravasa-' 
tion of blood (hwmatoma); true hypertrophies must 
be rejected because—though they cause an increase in 
size—the shape, structure, and function are preserved. 
Finally, all inflammatory swellings, tumour-like products 
of infective inflammations (gummata, tubercle, farcy- 
buds, &c.), condylomata, localised cedemas and effusions 
—such as hydrocele—must be eliminated. 

The definition of a tumour, as an atypical new- 
formation would separate the class from retention- and 
extravasation-cysts, and from true hypertrophies; but 
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many an inflammatory new-formation, as callus, or con- 
dyloma, is atypical enough both in form and structure. 
Moreover, there is a whole group of tumours (sarcomata) 
which it is impossible to distinguish anatomically from 
the results of inflammation. It is therefore necessary to 
include in a definition of tumours something which shall 
draw the line between them and inflammatory products ; 
this will be that their causes, modes of origin, and often 
courses, are different. But as scarcely anything 1s 
certainly known of the causes of tumours, it is im- 
possible to frame a complete, positive, definition of a 
tumour, which shall not be disputed by many. 

DEVELOPMENT.— A tumour consists of cells, 
formed by multiplication of pre-existing cells, and, 
here as elsewhere in Nature, the characters of the 
parent are handed down to the offspring. In other 
words, a tumour belongs histologically always to the same 
class of tissues as the cells from which it springs 
(see p. 15). 

In development and structure, the tumours resemble 
the normal tissues—every pathological growth has its 
physiological prototype. ‘The resemblance, however, is 
by no means complete, for, as indicated in the defini- 
tion, they are always more or less atypical in their 
structure. Asa rule, the difference between the normal 
and abnormal tissue is such that with the naked eye one 
can tell roughly where the one begins and the other 
ends, 

The elements from which tumours most frequently 
originate are those belonging to the common con- 
nective tissue, and to the blood-vessels and lymphatic 
system with which it is so intimately associated. By 
common connective tissue is meant that tissue which 
in all parts surrounds the blood-vessels, and is so 
universally distributed throughout the entire organism. 
This must be carefully distinguished from the special 
varieties of connective tissue—tendon, cartilage, bone, &c. 
In this common connective tissue we distinguish two kinds 
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of cells—the stable cells (connective-tissue corpuscles), 
and the mobile cells, which are probably wandering 
white blood-corpuscles. These cells are in intimate 
relation with the endothelium of the lymphatics, the 
latter vessels commencing as spaces which are univer- 
sally distributed in the tissue. Further—both the 
endothelium of the lymphatics and that of the blood- 
vessels closely resemble in their physiological functions 
the fixed cells of the connective tissue. 

In the process of development of tumours from con- 
nective tissue, the parts played by the two kinds of cells 
respectively cannot in our present state of knowledge 
be certainly stated. The first result of their activity, 
however, is to produce a new tigsuc, composed of small 
roundish cells, from +255 10 sso of an inch in dia 
meter, enclosing a large ill-defined nucleus. These possess 
no limiting membrane, but are simply little masses of 
amoeboid protoplasm, lying in a scanty, semi-fluid, and 
faintly granular intercellular material. This tissue 
is precisely similar to embryonic tissue. It would be im- 
possible to determine in this early stage of the growth 
what it will ultimately become—whcther a fibroma, a sar- 
coma, or an enchondroma, &c. According to the hypo- 
thesis of Cohnheim (see Etiology), the embryonic tissue 
is not derived from a proliferation of the clements of 
the mature connective tissue, but from embryonic cells 
which were not utilised during the period of physiological 
development. 

The second stage of the process consists in the develop- 
ment of this embryonic (‘‘ indifferent’) tissue into the 
tissue of the permanent growth, and'this subsequent 
development closely resembles that of the immature con- 
nective tissue of the embryo. As from the immature 
connective tissue of the embryo are developed various 
connective-tissue substances — mucous tissue, fibrous 
tissue, cartilage, bone, &c.—so may this embryonic con- 
nective tissue, which constitutes the earliest stage of so 
many of the pathological new formations, become deve- 
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loped into various tissues, each of which resembles one 
of the varieties of physiological connective tissue. The 
embryonic tissue may undergo no higher development, 
the cells remaining round or oval, and the ground sub- 
stance homogeneous; or the nuclei of many cells may 
multiply without division of the cells, forming giant-cells; 
or most of the cells may lengthen out into spindles, and 
perhaps here and there fibrillation, with disappearance of 
some cells, may occur, We thus get the round or oval- 
celled, myeloid, and spindle-celled sarcoma ; also the fibro- 
sarcoma. General fibrillation with disappearance of most 
of the cells, mucous degeneration, chondrification or 
ossification of the stroma may occur; forming fibroma, 
myxoma, chondroma, osteoma; or tat may form in the 
cells—lipoma. A combination of two or more kinds of 
structure may be met with in the same tumour—as a 
combination of sarcoma and lipoma, of enchondroma and 
myxoma, and so on. What determines the ultimate 
development of the young cells, why they produce such 
various forms of growths, 1s as far from our knowledge 
as what determines the ultimate destination of the cells 
in the embryo. 

Next to connective tissue, epithelium—surface and 
glandular—is the tissue from which tumours most fre- 
quently originate; and as from connective tissue are 
produced growths of the connective-tissue type, so growths 
originating from the epithelia preserve the epithelial type. 
A prtori, it would be entirely contrary to evolution for 
them to do otherwise; and the great majority of observers 
state, as the result of their observations, that epithelium 
never arises but from epithelium. It is, nevertheless, 
believed by some that an epithelinm-cell may by mere 
contact so influence a connective-tissue cell that it becomes 
epithelial, or vice versd. This influence of one cell upon 
another is called “spermatic” (Creighton). The point 
has been carefully investigated by Ziegler with a negative 
result. 

From the remaining tissues, muscle and nerve, the 
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development of tumours is comparatively rare; and in 
the highest adult nerve-tissue it is doubtful if formative 
processes ever occur. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, tumours are divisible into two classes—homo- 
logous and heterologous. When the tumour resembles 
in its structure and development the tissue from which it 
originates, it is said to be homologous; when it differs, 
it is said to be heterologous. A cartilaginous tumour, for 
example, growing from cartilage, is homologous, but 
growing from any other tissue, as from the parotid gland, 
it is heterologous. ‘his distinction is probably super- 
ficial—not real. If it be correct that tissue-types “ breed 
true,” the only even apparent heterology, which we know 
to occur, is the development of the different connective 
tissues from the same embryonic tissue. In the example 
given, cartilage does not arise from the essential epithelial 
cells of the parotid, but from the supporting connective 
tissue, or from an aberrant bit of cartilage from the rudi- 
ment of the jaw (p. 130). Heterology, however, is not 
limited to the production of a tissue which is dissimilar 
to that from which it originates; a tumour is said to be 
heterologous also when it differs from the tissue in 
which it is situated, and this may occur without its being 
the direct product of the latter. It is heterology in this 
Sense that is so characteristic of malignant growths. 
Cancers, for example, become heterologous owing to the 
growth and extension of the epithelium beyond its normal 
limits (see ‘‘ Epithelioma,” Fig, 64); and the same form 
of heterology obtains im the case of all growths originating 
from elements which have migrated or been carried from 
their original habitat, and have developed into a tissue 
differing from that in which they are situated. 

RELATION OF THE TUMOUR TO THE SUR- 
ROUNDING TISSUVES.—'The relation of the tumour to 
the surrounding structures varies. In one case the 
tumour is circumscribed, merely displacing the surrqund- 
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ing parts, stretching and irritating their connective 
tissue; and this often forms a fibrous capsule around it, 
by which it is completely isolated. The lipomata, fibro- 
mata, and enchondromata are usually thus encapsuled. 
In other cases the growth invades the adjacent structures. 
(Fig. 30.) There is then no line of demarcation between 
the tumour and the surrounding parts; and although to 
the naked eye there may seem to be one, the microscope 
will show that the apparently healthy tissues are intfil- 
trated with a small round-celled growth, into which the 
specific tumour-cells are advancing. The former is pro- 
bably the result of tissue-irritation set up by the latter. 


Itc. 30. 
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Scirrhus of the Mamina.—A thin section from the most 
external portion of the tumour, Showing the invasion by 
smull-celled infiltration of the muscular fibres and adipose 
tissue in the ucighbourhoud of the gland. x 200, 


RETROGRESSIVE CHANGES.—A tumour never 
actually disappears, and it thus differs from an inflam- 
matory growth—tfor example, from a syphilitic gumma. 
It may remain stationary, or grow slowly or rapidly, and 
sooner or Jater 1t usually becomes the seat of retrogressive 
changes. The time at which these commence varies. 
As a rule, the permanence and durability of a tumour 
bear an inverse relation to the rapidity of its growth, and 
to the inferiority of its organisation. The more rapid 
the growth, and the more lowly organised the tissue, 
formed, the less its durability and the sooner do retro- 
gressive changes occur. The carcinomata and sarcomata, 
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for example, which develop rapidly, and consist for the 
most part of cells, quickly degenerate; their elements are 
unstable and soon perish. Osseous tumours, on the other 
hand, which develop more slowly, and consist of a more 
highly organised tissue, have a much greater stability, 
and are but little liable to retrogressive metamprphosis. 

The retrogressive changes are similar to those met with 
in the physiological tissues. Deficient supply of blood 
is followed by fatty degeneration and its various termina- 
tions—softening, caseation, and calcification. Pigmen- 
tary, colloid, and mucoid degeneration also may occur. 
Tumours may become the seats also of inflammation, 
ulceration, necrosis, and hemorrhage. 

The nutrition of tumours is not regulated hke that of 
normal tissues. When the body is getting thin, a fatty 
tumour wastes little or not at all; and malignant growths 
often grow luxuriantly when their victims are greatly 
emaciated. 

CLINICAL COURSE.—Tumours are divided clinically 
into two great groups, the simple and malignant. A 
-simple tumour is one which, as a rule, grows slowly and 
steadily, or, having attained a certain size, remains station- 
ary. It consists of tissue approximating closely in structure 
to some normal adult tissue, and is generally surrounded 
by a distinct capsule out of which it can be completely 
shelled—for there is no infiltration of surrounding parts. 
After such removal it does not recur locally, and secondary 
growths in glands or more distant parts do not result from 
it. It interferes with health only mechanically, unless 
some accident—as inflammation—occur in it. ‘Tumours 
of the adult connective-tissue type generally pursue this 
course, and may reach a huge size. 

A malignant growth, on the other hand, generally 
grows rapidly and tends ‘to enlarge continuously ; consists 
of tissue which is markedly atypical; is, as a rule, sur- 
rounded by no capsule, but progressively infiltrates the 
surrounding tissues; after apparently complete removal 
recurs, and whether removed or not, secondary growths 
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are common in the nearest lymphatic glands, or in distant 
parts, or in both. Thongh the patient is often in ex- 
cellent health at the appearance of the tumour, he sooner 
or later wastes, loses strength rapidly, and becomes very 
anszomic—ecachexia is produced. This is due to many 
causes—e.g., to removal from normal tissues of nutriment 
required for the active growth of the tumour-cells; per- 
haps to the metabolism of the latter, pouring abnormal 
excreta into the blood; to pain and anxiety; often to 
profuse discharge and septic absorption consequent upon 
ulceration; occasionally to actual interference with the 
ingestion and absorption of food. The more rapidly 
and the more completely a tumour produces thege results, 
the greater its malignancy. Even growths of the same 
class vary much in these respects, and different classes 
do so still more. Though in a high degree characteristic 
of cancers, the purely clinical term “ malignant” must be 
distinguished from the pathological term “ cancerous,” 
which implies a specific structure in the growth it refers 
to. Sarcomata are often quite as malignant as cancers, 
Recurrence and Generalisation.—A tumour may 
recur locally after removal; and after or before removal, 
growths similar to the primary tumour may form in the 
nearest lymphatic glands, or 1n more distant tissues or 
organs. In the highest degrees of malignancy, all these 
occur. Hach of these must be considered separately. 
Reproduction ofthe Tuamour in Adjacent Structures, 
—This recurrence in loco after removal is usually the 
earliest, and is the slightest evidence of malignancy. It 
is due to some of the tumour-cells having been left 
behind, and is therefore much more likely to occur in 
those growths which infiltrate the surrounding tissues, 
and really extend beyond their apparent limits, than in 
those which donot. The cells left behind continue to grow 
and recurrence occurs. Cells may be carried to some 
little distance from the primary growth by lymph- or: 
blood-currents, and becoming impacted, form secondary 
nodules arpund the original tumour. In some tumours 
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local recurrence occurs many timés, and often kills the 
patient without affection of glands or generalisation (see 
Small Spindle-celled Sarcoma, p. 158.) 

Reproduction of the Tumour in the nearest 
Lymphatic Glands.—This is owing to the entry into 
and transmission by the lymph-stream of cells from the 
malignant growth, which become arrested in the nearest 
lymphatic glands, and there develop into secondary 
tumours. ‘These are in all cases of the same nature as 
the primary tumour. When the lymphatic glands have 
themselves developed into secondary growths, they in 
their turn constitute new centres of infection, and may 
thus infect more distant glands or the immediately 
adjacent tissues. When the lymph-sinuses of a gland 
are so blocked by new-growth that lymph cannot pass, 
a regurgitant flow is the natural result, and the lymph, 
bearing tumour-cells, has to pass through abnormal 
vessels and glands. In this way we can account for 
affection, say, of the abdominal glands by tumour of the 
lung, and for the numerous nodules in the skin which 
sometimes occur widely all round atrophic scirrhus of 
themamma, A distant lymphatic gland may be infected 
by embolism of its artery. ‘he tendency to reproduction 
in the lymphatic glands varies very much in the different 
varieties of malignant growths, bemg, for example, very 
marked in the carcinomata, whereas in the sarcomata it 
is less frequent. The reasons for these differences will 
be seen in the subsequent chapters (pp. 156, 189). 

Reproduction of the Tumour in Distant Tissues.— 
This is usually the terminal process in the history of 
malignant growths. The reproduction of the mahgnant 
growth in distant tissues is, in the great majority of 
cases, owing to the entry of some of its elements into the 
blood-stream. 'The secondary tumours are therefore the 
result of embolism of tumour-cells; and the points at 
which the cell-masses may be arrested are stated in the 
chapter on Embolism (p. 243). Ags in the lymphatic 
glands, they are in all cases of the same nature as the 
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primary one, although they are often softer, miore vas- 
cular, more active in growth, and may be larger. ‘They 
may constitute secondary centres of infection, and in the 
same way cause tertiary growths in parts beyond. 

Although the general dissemination of a malignant 
growth is thus in most cases owing to the transmission 
of its elements by the blood-stream, this is not the only 
way in which it may be brought about. Exceptional 
cases, have been described in which the elements of a 
tumour have been distributed and have caused secondary 
growths in other ways, as by passing down the trachea, 
travelling between the layers of the peritoneum, or from 
the kidneys down the ureters to the bladder, &c. 

Lastly, it must be borne in mind that growths may be 
secondary to each other only in time; being entirely in- 
dependent of each other, and originating from different 
primary foci. 

We have spoken of generalisation and lymphatic in- 
fection as certainly due to carriage of tumour-cells from 
the primary growth, The similarity in structure and 
the time-relation of primary and secondary growths, their 
demonstrable connection by vascular channels, and the 
fact that the secondary growths often occur in tissues in 
which primary tumours, of their structure, never occur, 
prove the origin of the secondary from the primary 
tumour. Some authorities think that carriage of the 
juice and not of the cells of the primary tumour is the 
cause of the secondary nodules, But the localised action, 
the distribution of secondary growths in the next capillary 
area, and the possibility of explaining exceptions to this 
rule; the occasional finding of tumour-cells in the blood, 
and more often impacted in -vessels as emboli; the fre- 
quent demonstration of tumour growing into veins and 
lymphatics, both makroscopic and mikroscopic, so that 
cells may easily be swept off by, or migrate into, the 
stream; and the fact that secondary growths have never 
been found in cartilage or cornea which are permeable to 
fluids, show that the cells rather than juice are the cause 
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of secondary growths. ‘Two views are held as to how they 
produce this effect :— 

1st. It is said that the cells impacted at a certain spot 
so influence the vessel-wall and surrounding tissues that 
their cells multiply and produce a structure like that of 
the infecting particle. The objection has already been 
stated to this spermatic influence, which would require 
us to believe that liver-cells, for example, may by their 
multiplication produce, not only epithelial cells like those 
of scirrhus, columnar or squamous epithelioma, but con- 
nective-tissue cells of all kinds. 

2nd. The cells of the secondary nodule are believed 
to be the products of the multiplication of the cells of 
the tumour-embolus. The question thus arises—Can a 
bit of tumour, thus cut off from its base, grow? Artificial 
embolism of portions of fresh periosteum has been produced 
by Cohnheim and Maas, with the result that they grew 
and produced cartilage and then bone; but after the 
fifth weck all trace of them had disappeared. In fact, they 
went through tlie same course as do pieces of normal tissue 
or of tumour which are placed in the subcutaneous tissue. 
We sce, therefore, that they can grow; but something in 
the healthy tissues prevents their attaining any size. 

This leads to a consideration of the causes of malig- 
nancy. Why do some tumours invade adjacent tissues 
and generalise, whilst others do not, even though they 
grow as rapidly or more so than those which do? Hitherto 
difference in structure has been held to explain the matter. 
The more purely cellular the tumour, the richer it is in 
blood-vessels, and the less developed their coats, the more 
rapid its spread, and the earlier and more certain its 
generalisation. 

But occasionally we find that a tumour which has run 
a simple course, and which does not recur after removal, 
has a structure necessitating its being placed among the 
sarcomata. Epulides, central sarcomata of bones, some 
sarcomata of the ovary and fascie may grow to a large 
size without invading other tissues or generalising. On 
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the other hand, examples of the generalisation of many 
simple tumours have been frequently recorded—e.g., 
chondroma, myxo-lipoma, even fibroma; also adenomata 
of the ovary and thyroid. It is true that connective- 
tissue growths do generally contain a preponderance of 
round cells before they generalise ; but in some cases the 
structure of the secondary growths is that of the primary, 
and is such as is usually seen in specimens which show 
no malignancy. Cohnheim thinks, therefore, that the 
essential factor in “ malignancy”’ is not a certain structure 
on the part of the tumour; but rather some change in the 
surrounding tissues which renders them unable to resist 
invasion. For, from the way in which physiological 
tissues lie side by side, never invading cach other's 
precincts, though one or both may be growing actively, 
it is evident that each tissue possesses a power which 
opposes infiltration by any other tissue; this power 
Cohnheim calls “ physiological resistance.” Its existence 
is further shown by the experiments of Cohnheim and 
Maas alluded to above; which prove that bits of malig- 
nant growths or normal tissues transplanted into the 
tissues of a normal animal, may become vascularised and 
grow; but that they will shortly after disappear—the 
healthy tissues get the upper hand. To permit the in- 
filtration of one tissue by the elements of another, the 
physiological resistance of the former must be reduced. 
This may be effected by (1) Inflammation, and therefore 
by injury: in chronic inflammation of epithelium-covered 
membranes (cirrhosis of liver, interstitial pneumonia, 
&c.), masses of epithelium are found in the infiltrated 
connective tissue (Friedlander). (2) Age: ‘Thiersch 
showed that connective tissues atrophy after mid-life 
from diminished vital activity; probably diminished 
physiological resistance accompanies this, and thus the 
more active surface-epithelium is enabled to invade 
the sub-lying cutis. This he regarded as essential to the 
growth of an epithelioma. (3) Meredity: hereditary 
weakness on the part of the tissue surrounding a tumour- 
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germ must be assumed in young people in whom neither 
injury nor age oan be regarded as a canse of diminished 
physiological resistance. But even if no tumour can 
infiltrate in the absence of this changé in the adjacent 
tissues, the structure of the growth probably has a 
marked influcnce upon its malignancy. ‘Tumours which 
have great power of growth, whose cells are loosely held 
together, whose blood-vessels are numerous and thin- 
walled, and whose cells actually he in lymph-spaces, must 
generalise more readily, when this is possible, than 
tumours in which opposite conditions obtain. 

ETIOLOGY.— Nothing is really known on this point. 
We have to account for the presence in some tissue of 
eells which have an ability to grow more or less in excess 
of that possessed by the normal cells of that tissue. 
Increased food-supply will of course be required, but this 
is of secoudary importance; as also are the surrounding 
physical conditions, which may be favourable or un- 
favourable. 

At first, all tumours appear to be local, and local causes 
have consequently been sought. A causal relation seems 
in some cases to exist between injury or irritation and 
the formation of atumour. But we know that the effects 
of these influences on normal tissues are inflammation 
and hyperplasia, and that they produce these effects even 
in those who are the subjects of tumours. Further, a 
history of injury cannot be obtained in 16 per cent. of the 
cases; and the injuries followed by tumours must consti- 
tute a very small proportion of the total number of 
injuries, Still, it is probuble that injury, by producing 
hyperemia and inflammation, may bring extra food to 
cells ready to grow, and miy diminish the physiological 
resistance of the tissues round them. Irritation certainly 
seems to have a powerful effect in certain epitheliomata ; 
as of the scrotum in sweeps, of old scars, and in rodent 
ulcers; but for the vast majority of cases no local cause 
can be found. 

The cachexia produced by malignant growths, their 
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very frequent recurrence, their multiplicity, and their 
hereditariness—all pointing to a deep affection of the whole 
organism, as it was thought—gave rise to the belief that 
they were of constitutional origin. This is a bad term, 
for it may mean “general,” and refer to the constitution 
of the whole organism; or 1t may refer to the constitu- 
tion of certain cells, and have a local significance. We 
shall therefore use the word general. Now, we already 
know how to explain cachexia, local recurrence, and multi- 
plicity as results of a growth of the tumour, which was 
produced by multiplication of a few abnormal cells—i.e., 
by a local abnormality. There is therefore no need on 
these grounds to consider that the physiological processes 
of all the cells of the organism are abnormal and tend to 
produce cancer; or that removal of the primary growth 
would be useless, because continuance of the general 
abnormality would reproduce the disease elsewhere. Nor 
does heredity lead to this conclusion; for the whole of 
normal development is nothing but the transmission of 
local peculiarities; and moreover heredity is at least as 
marked in multiple simple growths—fibromata, warts, 
lipomata, osteomata—as it is in cancers. It is probable 
that all tumours are at first local, and that certain of 
them become malignant, as above explained; also that any 
inherited peculiarity, which results in abnormal growth 
at a certain time, affects only a few cells, or it may be 
many foci of cells in one tissue, and not the organism at 
large. It is obvious, however, that neither the constitu- 
tional nor the local view makes any pretence at explaining 
—how the abnormal ability to grow is acquired by the 
cells which give origin to the tumour. Cohnheim has 
advanced a hypothesis, which, if true, certainly goes 
a step closer. It may be called the hypothesis of 
Zmbryonic Remains. 

Thinking over the hypertrophies, the excessive forma- 
tions (supernumerary digits and more marked examples 
of monster by excess), the teratomata and other congenital 
tumours, all of which are admitted to be due to an 
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embryonic cause, many of which are hereditary, and some 
of which (see Hypertrophy) do not appear for some years 
after birth, it occurred to Cohnheim that all tumours 
might be due to developmental faults. He supposes that 
more cells than are needed for a part are produced; the 
surplus remain in an embryonic state in one spot or 
scattered over a whole tissue. ‘he causes of this error, 
and the reasou why the cells do not develop like their 
confreres and simply enlarge the part, are not known. 
We know hittle of such collections of * resting” embryonic 
cells, perhaps because of their small size and resemblance 
to leucocytes. Small newvoid spots may enlarge greatly 
after birth; congenital moles, which have the structure 
of alveolar sarcomata, may later on become malignant, 
and islets of cartilage from which tumours muy start have 
been shown by Virchow to occur in the shafts of long bones. 
Perhaps these may be regarded as embryonic remains. 

Assuming that such embryonic foci may remain among 
adult tissues, Cohnheim found that his view accorded well 
with facts observed. ‘l'here would be no difficulty about 
the reversion of adult cells to the embryonic type; they 
would start with their full developmental force. Reasons 
for believing in the undeveloped nature of the rudiment 
are—that power of growth is at its greatest in the cells 
of the embryo, as is shown by the fact that embryonic 
cartilage, transplanted to the anterior chamber of the 
eye, grows into a regular chondroma (Leopold), whilst 
adult cartilage is absorbed; that many tumours are 
obviously distinct from the part in which they he—e.g., 
adenoma of mamma is encapsuled, and its ducts do not 
open into those of the normal gland ; and that tumours 
are not subject to that regulating mechanism which 
renders the metabolism of each tissue subservient to the 
good of the tissues generally. 

A large proportion of alltumours occur at points at which 
the developmental processes are complicated, and where, 
therefore, errors are most likely to occur. Thisis shown 
by the frequency with which epithelioma affects the open- 
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ings on the surface of the body; the cwsophagus where 
crossed by the left bronchus (the food and air-passage were 
originally one here); the cardia, pylorus.and commencement 
of the pyloric portion of the stomach, where change of epi- 
thelium occurs; the line of union of the invaginated epiblast 
and the hind-gut in the rectum; the external os uteri where 
Miiller’sducts opened into the uro-genital sinus. Adeno- 
myomata of the prostate occur at the same spot in the male. 
Smooth myomata occur almost exclusively in the uterus. 
The whole uterus is made up of foci of cells awaiting the 
stimulus of impregnation to great development. Atypical 
development of one focus may occur without the usual 
stimulus, and perhaps we should rather expect this when 
pregnancy has been absent or infrequent. Myomata are 
commonest in elderly sterile women. Adenomata of the 
mammes may be similarly explained. 

Heterologous tumours are always so placed that it is 
possible to see how, by developmental error, some cells 
which would naturally give rise to the heterologous tissue 
might have been included in the tumour-germ. Thus 
dermoids occur near where invaginations of epiblast are 
normal. Muscle may easily get into the Wolthan bodies 
from neighbouring muscle plates, and cartilage from the 
rudiments of vertebrae, &c. 

Finally, frone so atypical a rudiment, an atypical result 
would be expected. 

Against Cohnheim’s view it may be said that nothing 
is really known of such embryonic remains; that many of 
the points of complicated development which he mentions 
are also points of irritation—e.g., the narrowings of the 
alimentary canal; and that he is obliged to exclude from 
his class of tumours such cases as epithelioma of scars, 
of the scrotum in sweeps, of the arm in paraffin-workers, 
in which irritation plays so obvious a part. 

The exciting effect of increased blood-supply is evident 
in many cases—e.g., enlargement of ovarian dermoids at 
puberty, of tumours of the breast, ovaries, and uterus in 
pregnancy. This may cause the multiplication of cells 
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capable of growth; and thus is to be explained the 
apparent causation of tumours by injuries. 

CLASSIFICATION.—Tumours having the most obvi- 
ously similar structure vary much in their clinical history, 
whilst others of radically different structure have very 
similar physical signs and courses. Consequently a 
clinical classification cannot be constructed, and we are 
obliged to fall back upon a histological classification based 
upon the resemblance of every tumour to some normal 
tissue, adult or embryonic. 

For convenience sake, all cysts will be grouped together 
and remarks on them made at the end of tumours—though 
the great majority of cysts are not tumours. 





CLASSIFICATION OF ‘TUMOURS. 
(1—Type of Fully-Developed Connective-tiss wes. 


Type of fibrous tissue . . . Fibroma. 
i mucous ,, . . . Myxoma. 
» adipose ,, . « . Lipoma. 
a cartilage . . . . Chondroma. 


< bone . . . . . . Osteoma. 


43 
3 lymphoid ,, . Hy ap home. 
2 a - Lymphangioma. 
° 
; 3 IT.—Type of Embryonic Connective-tisswe. 
os The varieties of Sarcoma. \ 
IL.— Type of Higher Tissues. 
Type of muscle . ... . . Myoma. 
oe nerve... . . . Neuroma. 
cy bloodvessels. . . . Angioma. 
IV.—Type of Epithelial Tissues. 
“1 Papilla of skin or 
Epiblast ip utous ane beane Papilloma. 


and 


Hypoblast. ( Glands Cae 


Carcinoma. 


V.—Teratomata, or Maxed Tumours, 
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CHAPTER XII. 


THE FIBROMATA. 


Tue Fibromata, fibro-cellular or connective-tissue tumours, 
are tumours consisting of fibrous tissue. 
STRUCTURE.— In structure the fibromata present the 
game variations as those met with in fibrous tissue. Some 
of them are composed of firm, dense fibrous tissue, such 
as constitutes tendons; others are laxer and less fibrous 
in consistence, more resembling the conncctive-tissue of 
the cutis. ‘lhe fibres, which constitute the chief part of 
the growth, are more or less closely interlaced, and are 
distributed without any definite arrangement, or gronped 
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Section of a Iibrous Twmour from the Skin. —In 
the neighbourhood of the cut bloodvessel v are 
seen some cells; also fibres cut transverscly. 
x 200 and reduced 4. 


in bundles of various sizes. They are sometimes arranged 
concentrically around the bloodvessels. (Fig. 31.) Yellow 
elastic fibres are but very rarely met with. The cells, like 
those of normal fibrous tissue, are generally few in 
number, and are usually most abundant around the 
vessels, They are minute, spindle-shaped, fusiform, or 
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stellate bodies, the latter having processes of varying 
length, which communicate with similar processes from 
neighbouring cells. They are often so small and indistinct 
in the fresh specimen as to become visible only after the 
addition of dilute acetic acid. These cells in size and 
number vary with the rapidity of growth—the slower the 
growth and the more fibrous the tissue, the flatter and 
less numerous are the cells. . 

The fibromata usually contain but few bloodvessels. In 
the softer growths, however, these are often more nume- 
rous. Dilated veins sometimes form a cavernous network, 
the walls of which are firmly united to the tissue of the 
tumour, so that when divided or ruptured they are 
unable to retract or collapse, and profuse haemorrhage 
may ensue. 

DEVELOPMENT.— The fibromata originate from 
connective-tissue, either from the cutis or subcutaneous 
connective-tissuc, from the submucous or subserous tissue, 
from fasciwe, the periosteum, the neurilemma, or from 
the connective-tissue of organs. In the earliest stages 
of their growth the cells are more numerous than 
when development is complete. (See p. 118.) 

SECONDARY CHANGES.—Of these, partial mucoid 
softening and calcification are the most common. Ulcer- 
ation also sometimes occurs in those growths which are 
situated in the skin and submucous tissues. 

VARIETIES.— fibrous tumours present some varia- 
tions in their characters, which depend for the most part 
upon the tissue from which they grow. ‘Two classes may 
be distinguished :— 

1. Soft Fibromata.—These consist of the looser and 
less dense form of fibrous tissue. They are met with as 
diffused growths in the subcutancous and submucous 
‘tissue. In the former situation they often form large 
pedunculated and non-encapsnuled tumours, which are 
commonly known as wens. ‘These are sometimes mul- 
tiple. A similar growth of subcutaneous tissue is met 
with in Molluscum Fibrosum. In this disease the large 
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masses which hang down from the thighs, buttocks, and 
other situations consist simply of loose fibrous tissue. 
They often contain numerous large bloodvessels, so that 
their removal may lead to dangerous hemorrhage. 

In addition to these diffused growths, more circum- 
scribed and encapsuled fibrous tumours of the soft variety 
are occasionally met with growing from the scalp, scrotum, 
labium, intermuscular septa, and other situations. 

2. Firm Fibromata.—These are composed of dense 
fibrous tissue, like that in tendons. They are firm, hard, 
encapsuled tumours, presenting on section a greyish-white, 
glistening, fibrousappearance. These tumours often occur 
in connection with bone, especially with the upper and lower 
jaws, originating either in the centre of the bone, or from 
the periosteum. Growing from the periosteum of the alve- 
olus they constitntc simple fibrous epulis. They are met 
with also in the nose, where they form one variety of nasal 
polypus. It is in these firm fibrous growths that the veins 
form the cavernous spaces already alluded to. 

Another variety of firm fibrous tumour grows in con- 
nection with nerves, and is often described as neuroma. 
True neuromata, however—i.e., new formations of nerve- 
tissue—are among the rarest forms of new formations. 
‘These fibrous growths most frequently occur in connection 
with the superficial nerves. They grow from the neuri- 
lem™a, and as they increase in size the nerve-fibres become 
expanded over them. They are very firm rounded tumours, 
and are frequently multiple and hereditary. 

Some old tumours of the uterus are almost or quite 
pure fibromata; but the sd-called uterine fibroids are in 
most cases overgrowths of the involuntary muscular tissue 
of the organ, and will therefore be considered with the 
Myomata, p. 170, 

CLINICAL CHARACTERS. — Clinically the fibro- 
mata are perfectly innocent. They grow slowly, and have 
no tendency to recur locally after removal. 
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PSAMMOMA. 


This is perhaps the best place to allude to a rare form 
of growth occasionally met with in the brain and its 
membranes, which is known as Psammoma. The most 
characteristic feature of this growth is that it consists 
largely of calcareous particles. These are contained in 
the concentric bodies already described as the corpora 
amylacea, where they give rise to the so-called “ brain- 
sand’’—hence the name of the growth. The calcified 
corpora amylacea are held together by a varying quantity 
of loose fibrous, or highly cellular, or mucous tissue con- 
taining vessels, 

Psammoma is usually met with growing from the pineal 
gland, the membranes of the brain, or the choroid plexus. 
In the latter situation it often contains numerous cysts. 
It is of no pathological importance except when of suffi- 
ciently large size to produce symptoms from pressure. 


CHAPTER XIII. 
THE MYXOMATA. 


Tus Myxomata are tumours consisting of mucous tissue. 
Mucous tissue is connective-tissue, of which the inter- 
cellular substance is translucent, homogeneous, and jelly- 
like, contains much fluid, and yields mucin. Physiologi- 
cally, this tissue 1s met with in two forms :—one, as in 
the vitreous body of the eye, in which the cells are 
roundish and isolated; the other, as in the umbilical 
cord, in which the cells are fusiform or stellate, and give 
off fine prolongations, which anastomose with one another. 
The connective-tissues in their embryonic condition, as* 
stated when describing “‘ mucoid degeneration,” possess 
an intercellular substance containing large quantities of 
mucin. This is especially the case with the tissue which 

subsequently becomes adipose. New formations may 
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undergo a mucoid change, and thus closely resemble mm 
their physical and chemical characters the myxomata; 
but a myxoma consists of mucous tissue from the first. 
The myxomata are thus very closely allied to the sarco- 
mata, and by many are included in the same class of new 
formutions. 





Mycoma,—A minute piece of a myxoma of the 
arin, showing the characteristic branched anasto- 
mosing cells. There are also a few leucocytes, 
and one or two spindle-shaped elements. x 200. 


STRUCTURE.— The cells present the two varieties met 
with in the physiological tissues. The majority are 
angular and stellate, with long anastomosing prolonga- 
tions; others are isolated, and fusiform, oval, or spherical 
in shape. (Fig. 32.) They usually possess one, in some 
cases two distinct nuclei. Their contour is very indistinct, 
owing to the refracting nature of the intercellular sub- 
stance. The latter is very abundant, perfectly homo- 
geneous, of a soft gelatiniform viscid consistence, and yields 
large quantities of mucin: in it are a varying number of 
ameboid cells. The bloodvessels, which are not numerous, 
are readily visible and easily isolated. A few elastic fibres 
are sometimes seen between the cells. 

DEVELOPMENT.—The myxomata always originate 
from embryonic connective-tissue, which does not advance 
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beyond the mucous stage of normal development. Adipose 
tissue is their favourite seat. 

SECONDARY CHANGES.— Of these the most 
common is rupture of the capillaries, hemorrhage, and 
the formation of sanguineous cysts ; this, however, is less 
frequent than in the sarcomata. The cells themselves 
may undergo mucoid or fatty degeneration, and thus be 
destroyed: this is usually accompanied by liquefaction of 
the intercellular substance. The growth may inflame, 
uwlcerate, and necrose. 

VARIETIES.—'l'he varieties of myxoma depend prin- 
cipally upon its combination with other growths; a pure 
myxoma is unusual. ‘The most common is a combination 
with lipoma. Combinations also with sarcoma, fibroma, 
chondroma, and adenoma, are met with. 

PHYSICAL CHARACTERS, &c.—The myxomata 
are of a peculiar soft gelatiniform consistence, and of a 
pale greyish or reddish-white colour. Their cut surface 
yields a tenacious mucilaginous liquid, in which may be 
seen the cellular elements of the growth. They are 
usually separated from the surrounding structures by a 
very thin fibrous capsule, fine prolongations from which 
divide the growth into lobules of various sizes. In excep- 
tional cases they may increase by the continuous invasiun 
of surrounding tissues. They are most frequently met 
with in the later periods of Tife, and are most common in 
subcutaneous and subserous fat, submucous aud inter- 
muscular tissue. ‘They grow also from periosteum and 
medulla of bone, from the connective-tissue of organs 
(especially the breast), and from the perineurium of nerves, 
forming one variety of “neuroma.” They may grow also 
fromm the placenta, constituting the ‘‘ uterine hydatids.” 
When situated in superficial parts they may become 
pedunculated; in the submucous tissue of the nose they 
constitute one form of nasal polypus. In the skin they 
are often papillary. 

CLINICAL CHARACTERS.—Clinically the myxo- 
mata are for the most part benign growths. Their growth 








158 NUTRITION INCREASED. 


is usually slow, but they may attain an enormous Size. 
If completely removed they rarely recur. Sometimes, 
however, they recur locally after removal, but they pro- 
bably never reproduce themselves in internal organs. Th 
speaking of their malignancy, their occasional association 
with sarcoma must be borne in mind. 


CHAPTER XIV. 
THE LIPOMATA. 


A. GENERAL new formation of adipose tissue, constituting 
obesity, has already been described under “ fatty infil- 
tration.” A localised and circumscribed formation con- 
stitutes a Hpoma, or fatty tumour. 

STRUCTURE.—'lhe lipomata resemble in their struc- 
ture adipose tissue. (Fig. 33.) They consist of cells con- 
taining fat, and a variable quantity of common connective- 

Fie. 33, tissue. The cells are like 
those of adipose tissue, though 
usually somewhat larger. The 
nucleus and protoplasm are 
so compressed against the 
cell-wall by the fluid con- 
‘tents, that they are readily 
» Visible only when the cell is 
4 atrophied and contains less 

fat. (See Fig. 4a.) Connec- 
tive-tissue, which, varying 
much in amount, unites the 





Tipoma.  . me of the cclis ; 
contain crystallised fatty cells in masses or lobtles 


acids. x 200. which are larger than nor- 


mal, forms in most cases around the tumour a thin capsule 
which adheres more firmly to surrounding parts than to 
the tumour; so the latter, in most cases, “shells out’ easily. 
Bloodvessels are distributed in the fibrous septa. Mucous 
tissue is often associated with the fatty (myxo-lipoma). 


THE LIPOMATA. 139 


DEVELOPMENT.—The lipomata grow from connec- 
tive-tissue. Adipose tissue, it must be remembered, is 
merely connective-tissue containing numerous cells which 
are infiltrated with fat; and its growth consists, either in 
the infiltration of more of these cells, or in a proliferation 
of the cells, and an accumulation of fat in those newly 
developed. A lipoma in the same way originates by a 
localised proliferation of cells, which, as they are pro- 
duced, become infiltrated with fat. 'The growth of these 
tumours 1s always very slow. 

SECONDARY CHANGES.—Secondary changes in 
the lipomata are not common; their fibrous septa may, 
however, become calcified, or even ossified. Softening may 
occur also from a mucoid change. Inflammation 1s rare; 
but when large and situated in the subcutaneous tissue 
the skin over them may become adherent, and ulceration 
and necrosis of the tumour occur. 

PHYSICAL CHARACTERS, &c.—The situation of 
the lipomata is almost co-extensive with that of adipose 
and connective tissue. They occur most frequently in 
the subcutaneous tissue of the trunk, especially of the back 
and abdominal wali; sometimes in mtermuscular septa, 
subsynovial and subserous tissues; and occasionally also 
in the submucous tissue of the stomach and intestines, 
and even in internal organs where there is normally no fat. 
‘hey sometimes uttain an enormous size. They are more 
or less lobulated, and are usually surrounded by a fibrous 
capsule, which separates them from the adjacent struc- 
tures. They move freely over the deep fascia when sub- 
cutaneous; but often the attempt to raise the skin from 
them causes it to dimple. On section they present the 
ordinary appearance of adipose tissue. Their consistence 
and adhesion to the capsule vary with the amount of 
fibrous tissue which they contain. ‘hey are usually single, 
but not infrequently multiple and hereditary. In their 
growth they occasionally become pedunculated. 

CLINICAL CHARACTERS.—Clinically, the lipo- 
mata are perfectly innocent. 
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CHAPTER XV 
CHONDROMATA. 


Tux Chondromata are tumours histologically resembling 
cartilage. 

STRUCTURE.— Like cartilage they consist of cells and 
an intercellular substance, which present all the variations 
observed in the normal tissue. The intercellular substance 
may be hyaline, faintly or distinctly fibrous, or mucoid. 
When fibrous, the fibres may be 
arranged like those of fibro-oarti- 
2 Be. 2, lage, or more or less concentrically 
per, es ome 1 the cells, as in the reti 
“ey </>) -S@h,_ around the cells, as in the reticular 
@) = RCY, ' cartilages of the ear und larynx. 
aed go SOL. (Fig. 34.) When hyaline or mucoid, 
@ 


Fic, 34, 


(2, = it is sometimes quite soft in con- 
ae : A ° |" ? o 

sistence. ‘The cells may be very 

Fibrous Chondroma. — yumerous, or few in proportion to 


ee the matrix. In the hyaline forms 


they are usually large and round or oval (Fig, 35); in 
the fibrous forms they are often smaller and even some- 
Fic. 33. what spindle-shaped, more re- 

‘ sembling those of connective- 
tissue; anid in the rarer mu- 
coid forms they are more com- 
monly stellate and branched, 
like the transitional cells at 
a the edge of articular carti- 
#; lages where the synovial 
membrane’ ends, ‘hey are 
either single or arranged in 
groups, and are usually sur- 





Hyaline Chondroma, x 200. 


normal cartilage, although this is often very indistinct. 
They enclose one or more nuclei and slightly granular 
contents; sometimes a cell-wall cannot be distinguished. 


a 
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A large growth is usually divided into several lobes by 
bands of fibrous tissue, in which are contained the blood- 
vessels. These lobes are often very distinct, so that the 
growth appears to be made up of sevoral separate 
tumours. Fibrous tissue in most cases also encapsules 
the growth, and separates it from the surrounding 
structures ; but sometimes this capsule is absent, and the 
tumour is surrounded by a zone of embryonic cells, which 
infiltrate the adjacent tissues. 

DEVELOPMENT.— The chondromata most frequently 
originate from common conncctive-tissue and bone, very 
rarely from cartilage. Cartilage itself, and especially 
fibro-cartilage, is very closely alied to common connective- 
tissue. It grows from the deeper layers of the peri- 
chondrium, which proliferate and form an embryonic 
tissue; the young cells become cartilage-cells, and these 
probably form the matrix, which is either homogeneous 
or fibnilated, constituting in the one case hyaline, and 
in the other fibro-cattilage. The development of chon- 
droma from connective-tissue 1s precisely similar to the 
physiological progress. 

In the development of chrondroma from osseous tissue, 
the medulla is the source of the new growth. This pro- 
liferates and forms embryonic tissuc, which absorbs tra- 
becules and occupies the resulting space; cartilage is 
formed from it, as above. The mass gradually increases, 
a layer of fibrous tissue 1s formed around it, and further 
growth takes place from the tissue of the capsule. Vir- 
chow has shown that islands of cartilage not uncommonly 
remain in the shafts of bones, and has rendered it pro- 
bable that many chondromata spring from them. They 
generally begin before the ossification of the epiphyses, 
whilst the bone 1s actively growing and vascular. 

Lastly, cartilaginous growths may originate from car- 
tilage itself. These are sometimes seen on the surface of 
the articular cartilages, in the larynx and trachea, and 
on the costal and intervertebral cartilages. They are 
simply local overgrowths from pre-existing cartilage. 
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They rarely attain a large size, and in structure and 
physical characters more closely resemble normal car- 
tilage than the other forms of chondroma. ‘They are 
usually described as eechondroses, and must be distin- 
guished from the other forms of cartilaginous tumour. 

SECONDARY CHANGES.— Calcification is the most 
common, because it is frequent in the commonest chon- 
dromata—those of the phalanges and metacarpals of the 
hands. Jt spreads from many centres, commencing im 
the capsules, and then involving the .intercellular sub- 
stunce. Ossification also occurs, especially in the chon- 
dromata which grow near the junctions of the epiphyses 
and shafts of long bones; these ossify as they grow, 
and form the pedunculated exostosis. So also does the 
common sub-ungual cxostosis of the great toe, which 1s 
generally an ossifying chondroma. Fatty degeneration 
and mucoid softening are common changes, and may lead 
to the formation of large softened masses which present 
the appearance of cysts. In rare cases the skin covering 
the tumour ulcerates, and a fungating mass protrudes. 

VARIETIES.—The varicties of chondroma depend 
mainly upon the nature of the intercellular substance- 
There are thus hyaline, fibrous, and mucoid chondro- 
mata; these, however, are usually combined in various 
degrees in the same tumour. Asa rule, those originating 
from the medulla of bone are of the hyaline and mucoid 
class, whilst those -originating from connective-tissue In 
other situations are more frequently fibrous. The rapidly 
growing fibrous forms approach very closely to the sar- 
comata, the mucoid forms to the myxomata; and these 
two kinds of growth are often associated in the same 
tumour. As above’stated, chondromata are rarely homo- 
logous. 

A. variety of chondroma has been described under 
the name of osteo-chondroma, which in structure more 
closely resembles bone than cartilage. It consists of a 
tissue similar to that met with between the periosteum 
and bone in rickets, which, from its resemblance to osseous, 
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has been called osteoid tissue. This tissue requires only 
calcifying to become true bone. Jike bone, it is made 
up of trabeculee and medullary spaces; but,the trabeculex, 
instead of bone- corpuscles and lamelle, consist of small 
angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which in partis calcified. The medul- 
lary spaces contain a fibrous stroma and many blood- 
vessels. The osteo-chondromata, although consisting 
mainly of this osteoid tissue, contain also a small pro- 
portion of cartilage. They originate beneath the peri- 
osteum, their common seat bemg the ends of the long 
bones, Their growth is very rapid, and they often attain 
an enormous size. They are much more freely supplied 
with bloodvessels than the ordinary chondromata, and 
hence they are much less frequently the scats of retro- 
gressive changes. ‘They are especially prone to become 
ossified and converted into true bone. 

PHYSICAL CHARACTERS, é&c.—The chondromata 
occur most frequently in early life. About three-fourths 
of them are met with in the osseous system, where they 
grow either centrally or sub-periosteally. Their favourite 
seats are the fingers and toes, the lower end of the femur, 
and the upper of the humerus and tibia. Most of the 
remaining fourth occur in the parotid gland and in the 
testicle. Cohnheim suggests as the source of this in the 
parotid an aberrant bit of the cartilaginous rudiment of 
the jaw; Virchow, a piece of the cartilage of the pinna. 
In the testis a portion of the rudiment of a vertebra may 
have been included. They occasionally occur in the 
inter-muscular septa, in the subcutaneous tissue of 
the breast,and in the lungs. ‘They are usually single, 
except when occurring on the fingers and toes, in which 
situations they are more frequently multiple. They 
consist of a single tumour, or of several smaller tu- 
mours held together by fibrous tissue. The more slowly- 
growing.chondromata are hard, smooth, elastic tumours, 
often lobulated, and seldom exceeding the size of an 
orange. Less frequently these tumours grow very 
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rapidly, are soft in consistence, and attain a large size. 
Such growths often start from the pelvic bones or ribs. 
CLINICAL CHARACTERS.— The chondromata must 
for the most part be regarded as innocenf growths. They 
are usually encapsuled, and in most cases produce merely 
local effects, although these, from the parts involved and 
the rapidity of the growth, are often very injurious. The 
softer forms, however, and especially those which occur 
in the medulla of bone and in the glands, occasionally 
exhibit malignant characters. These grow the most 
rapidly, and are often not limited by a fibrous capsule, 
but surrounded by a zone of embryonic tissue. They 
consist of very vascular spindle-celled tissue, together 
with well-developed hyaline cartilage, and are spoken of 
as chondro-sarcomata. Such tumours tend to recur 
locally after removal, and in rare cases also infect the 
lymphatic glands, and are reproduced in the lungs. 


CHAPTER XVI. 
THE OSTEOMATA. 


Tue Osteomata are tumours resembling in structure 
normal bone. 

STRUCTURE. The bone may be exceedingly dense, 
or very open and cancellous; but all intermediate grades 
occur. 

VARIETIES.—Two classes are made from the above 
variations in density. 

1. The Eburnated or Ivory Osteomata.—These con- 
sist of dense ivory-like bone; the lamellae are arranged 
concentrically and parallel to the surface of the tumour; 
cancéllous tissue is absent, and Haversian canals are few 
and narrow. Some specimens are less dense, the Haver- 
sian canals being as numerous as in ordinary compact 
bone, but less regularly arranged. 
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The Cancellous or Spongy Osteomata. — These 
consist of cancellous, surrounded by a thin layer of 
compact, bone. The medullary spaces may contain em- 
bryonic, fibrous, or fatty tissue. 

DEVELOPMENT .— The formation of bone may, as in 
normal development, take place directly from fibrous 
tissue, or be preceded by the development of cartilage: 
thus we get fibrous and cartilaginous exostoses. The 
ivory exostoses of the skull are examples of the former, 
the spongy exostoses neur the epiphyses of long bones of 
the latter. A. vrowing spongy exostosis is covered by a 
layer of cartilage; when this ossifies, growth ceases. 

SEATS, PHYSICAL CHARACTERS, &c.—DBony 
tumours are much commoner in connection with bone 
(homologous) than, elsewhere (heterologous), growing 
from the periosteum, endostenm, or from persistent 
islands of cartilage. They generally project from the 
surface (exostosis); but rarely form within the medullary 
canals (enostosis). 

The homologous osteomata or exostoses growing 
from periosteum are almost always dense and eburnated, 
and occur most frequently on the external--and internal 
surfaces of the skull: the orbit is an especially favourite 
seat. They are met with also on the scapula, pelvis, and 
on the upper and lower jaws. In the last-named situation 
they may grow from the dental periosteum. There 1s 
usually a line of demarcation between them and the 
subjacent bone, the new tissue of the tumour being distinct 
from the compact tissue of the bone. The periosteum 
from which they grow covers them, and is continuous 
with that of the old bone. Such growths are smooth, 
low, rounded, and wide-based. 

The homologous exostoses growing from cartilage occur 
at the ends of the long bones close to the line of junction 
of epiphysis and shaft. In structure they are much 
more cancellous than the periosteal growths, and their 
outline is less regular; but they are prominent and 
pedunculated generally. The medullary osteomata—or 
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more properly, enostoses—are the least frequent: they 
originate in the medullary tissue. 

Heterologous osteomata originate apart from bone, 
growing from connective tissue. They are very rare as 
primary growths. They have been described as occurring 
in the subcutaneous tissue; but Malherbe has shown 
reason for believing that such growths are really sebaceous 
adenomata of which the stroma is ossified. Bony tumours 
have very rarely been formed in the brain and cerebellum. 
Parts of fibromata, lipomata and chondromata may 
ossify. The secondary growths of ossifying sarcomata in 
connection with bone, often ossify. 

The osteomata being the result of the ossification of 
newly formed connective tissue, which is not a product of 
inflammation, must be separated from simple ossification 
of normally existing tissues—such as rib, laryngeal or 
bronchial cartilages, insertions of muscles (rider’s bone in 
adductor longus and the like), and membranes of the 
brain; and also from ossifications of inflammatory 
.tissue—such as nodes or general thickenings of bones, 
the sharp stalactitic processes which may grow round a 
carious joint or surface of bone, and the smooth round 
prominences which form rouyd a joint in rheumatoid 
arthritis. They must be distinguished from calcareous 
deposits, in which there is no bone formed (see eo 
careous Degeneration’’). 

SECGNDARY CHANGES.—Osteomata may inflame, 
become carious or necrose. The latter is most likely to 
occur 1n ivory exostoses, causing their separation and cure. 

CLINICAL CHARACTERS.—'The osteomata are per- 
fectly innocent tumours. Their growth is very slow. 
They rarely attain a large size. They are often hereditary 
and multiple, in which case they usually occur in early 
life. Osseous growths which exhibit malignant charac- 
vers, are chondromata or sarcomata which have under- 
gone partial ossification. From these, true osteomata 
must be carefully distinguished (see “ Osteoid Sarcoma’). 
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CHAPTER XVII. 
THE LYMPHOMATA. 


Tue Lymphomata are new formations consisting of 
lymphoid, or as it is sometimes called, adenoid tissue (His). 
Lyrophoid tissue is now known to have a much more 
general distribution than was formerly supposed. It not 
only constitutes the follicles of the lymphatic glands 
and the Malpighian corpuscles of the spleen, but also 
Peyer’s glands and the solitary glands of the intestines, 
the follicles of the pharynx and tonsils, the thymus gland, 
and the trachoma glands of the conjunctiva. Recently it 
has been found to exist also in many other situations, as 
around the blood-vessels of the pia mater and of other 
parts, in the neighbourhood of the smallest bronchi, in the 
pleura immediately beneath its endothelium, in the peri- 
toneum, in the mucous membrane of the alimentary canal, 
and in the medulla of bone. 

STRUCTURE.—Lymphoid tissue, wherever it exists, 
possesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type not only of the 
physiological tissue but also of the pathological growths. 

This tissue consists of a delicate reticulum, within the, 
meshes of which are numerous lymph-corpuscles. The 
reticulum is a close network of very fine fibrils, the meshes 
of which are only sufficiently large to enclose a few, or 
even a single corpuscle, in each. The fibrils usually 
present a more or less homogeneous appearance, and 
nuclei are sometimes to be distinguished at the angles of 
the network. The lymph-corpuscles, which constitute 
the greater part of the tissue, can in most cases be 
readily removed from the meshes of the reticulum by 
the agitation of thin sections in water. They are identical 
in their characters with the white cells of the blood. As 
usually seen after death, they are spheroidal, pale, semi- 
transparent bodies, varying considerably in size, and pre- 
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senting slight differences in structure. Some are granular, 
and appear to possess no nucleus; in others, a distinct, 
simple, or compound nucleus is visible, which is usually 
also granular; others again are much larger, and contain 
two or even three nuclei. (Fig. 36.) 

The histological and physical characters of the lympho- 
mata, however, vary considerably, according to the rapidity 
of their development. In the rapidly growing formsthe pro- 
portion of cells 1s very great, and many of these are larger 
than those normally met with in lymphatic glands, von- 
taining two, or even more, nuclei; they are of a greyish- 
white colour, and soft brain-like consistence—much like 
encephaloid cancer—and yield abundance of milky juice. 
They may reach a great size. The more slowly growing 
tumours, on the other hand, are less richly cellular, and 
the larger cell-forms are almost entirely wanting ; the 
reticulum constitutes a more prominent part of the growth 
(Fig. 37), and instead of being exceedingly delicate, is. 


Tia. 36, 





Cells from a Lymphatic 
Growth inthe Liver,—Those 
to the left are the ordinary Lymphoma,— Scction of a firm 
lymph-corpuscles, which lymphoma of the mediastinum, 
constituted the greater part Showing a very thickened reti- 
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ments. x 300, grouped, x 200. 


much coarser and forms a network of broad homogeneous 
or slightly fibrillated bands. As the reticulum increases 
the lymph-corpuscles gradually diminish in number and 
become arranged in smaller groups within its meshes. 
(Fig. 37.) Such growths are much harder than the 
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more rapidly growing ones; they are sometimes exceedingly 
dense, They are rarely very large. ‘These variations in 
the proportion of cells and stroma are precisely analogous 
to those met with in lymphatic glands as the result of 
acute and chronic inflammation (see “ Inflammation of 
Lymphatic Structures”); but in many cases the relation 
between cells and stroma remains normal, as in hyper- 
plasia. 

DEVELOPMENT.—The lymphomata originate from 
lymphoid tissue, being simply uniform overgrowths of 
pre-existing lymphatic structures—mainly of the lympha- 
tic glands. They are, therefore, usually homologous. 
They may, however, be heterologous, either owing to the 
new tissue extending considerably beyond the confines of 
the old, or to its origin in situations where lymphoid 
tissue is not present normally. This latter condition 
obtains in Hodgkin’s disease, and in certain forms of 
lymphoma which are malignant. 

In some cases of ‘round-celled sarcoma, which may 
originate in any connective tissue, the matrix undergoes 
development into a network; the growths spread and 
generalise like ordinary sarcomata, and are called 
lympho-sarcomata. They may originate in lymphatic 
glands. 

In considering the development of these growths it 
must be borne in mind that enlargements of lymphatic 
structures are most frequently of an inflammatory nature, 
being due to some injury; and histologically, as already 
indicated, there is but little difference between these in- 
flammatory growths and lymphomatous tumours. The 
inflammatory growths, however, tend to subside, the 
tumours continuously to increase. Further, the develop- 
ment of the tumours may, lke that of the inflammatory 
growths, be determined by some injury, the injury produc- 
ing perhaps some inflammation and enlargement of the 
gland, but this instead of subsiding continues more or less 
rapidly to increase. (See “ Etiology of Tumours.”) 

SECONDARY CHANGES,—The lymphomata do not 
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undergo marked retrograde changes. There is no fatty 
degeneration, caseation, or softening, such as occurs in 
scrofulous glands. 

CLINICAL CHARACTERS.—Clinically, the lymph- 
omata are, for the most part, perfectly innocent tumours. 
They originate most frequently in the lymphatic glands, 
the gland undergoing a continuous increase in size. 
Sometimes, as already stated, the enlargement of the 
glands appears in the first place to be of an inflammatory 
nature and to result from some irritation, but upon this 
being removed the glands, instead of subsiding, continue 
to increase. In most cases, however, no such source of 
irritation 1s discoverable. The glands which are especially 
prone to this disease, are the cervical, the submaxillary, 
the axillary, the inguinal, the bronchial and mediastinal, 
and the abdominal glands. Usually only a single gland, 
or a single group of glands, is affected ; sometimes, how- 
ever, the growth is more general. As the glands enlarge, 
they gradually unite, so that ultimately they may form 
very large lobulated tumours. When occurring in the 
mediastinum they may invade one or both lungs, and they 
constitute here the most common form of mediastinal 
tumour (so-called “ Thoracic Cancer’). The lymphatic 
structures in the intestine may in the same way become 
enlarged, and project, so as to form polypi. 

The lymphomata occasionally, however, exhibit malig- 
nant properties. This is especially the case in those 
richly cellular, soft, rapidly growing forms which are 
sometimes met with. Such growths may rapidly infil- 
trate the surrounding structures, involve the neighbouring 
lymphatic glands, and even infect distant parts. To 
these malignant forms the term lymphadenoma is 
sometimes applied. They correspond with Virchow’s 
lympho-sarcoma. . 

In the condition known as “ Hodgkin’s Disease,” and 
in leukemia, lymphomatous growths are met with in 
various parts of the body. 
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FIODGKIN’S DISEASE. 


This disease is characterised by the enlargement of the 
lymphatic glands in various parts of the body, together 
with the development of lymphatic growths in internal 
organs, especially in the spleen; by a diminution in the 
number of red corpuscles in the blood; and by progressive 
anemia. The new growths are precisely similar, histo- 
logically, to lymphoma. The disease was described by 
Hodgkin, Bright, Wilks, and Trousseau, and is called, 
after the first-named of these observers, ‘ Hodgkin’s 
Disease ;”” Trousseau designated it ‘“ Adénie ;” it is also 
known as “ Anwmia Lymphatica.” It is allicd to 
leukaemia, but differs essentially from it in this respect, 
that the new formation of lymphatic tissue is not asgo- 
ciated with any notable increase in the number of the 
white corpuscles in the blood. (See “ Leukawmia.”’) 

The lymphatic glands are usually the earliest seats of 
the new growth. At first only a single group of glands 
may be enlarged; subsequently, however, the process 
becomes more general, and the glands throughout the 
whole body may be more or less involved. The groups of 
glands most frequently affected, in the order of their 
frequency, are the cervical, the axillary, the inguinal, the 
retro-peritoneal, the bronchial, the mediastinal, and the 
mesenteric. The new growth, which in the earlicr stages 
is limited to the glands, gradually breaks through the 
capsules, so that the enlarged glands become confluent, 
and form large lobulated masses. The growth may also 
extend still further beyond the confines of the gland and 
invade and infiltrate the adjacent structures, 

This new growth of lymphatic tissue, which commences 
in and often extends beyond the confines of the lymphatic 
glands, is ultimately followed by the formation of lym- 
phatic growths in various internal organs, but more 
especially in the spleen. The spleen is affected in a large 
proportion of cases. Here the new growth originates in 
the Malpighian bodies, and so gives rise to disseminated 
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nodules. These vary in size from minute points to masses 
as large as a hazel-nutor walnut. ‘They are usually more 
or less irregular in shape, of a greyish or yellowish-white 
colour, firmer in consistence than the splenic tissue, and 
not encapsuled. In addition to these, wedge-shaped in- 
farctions surrounded by a zone of hyperamia are some- 
times met with, similar to those which are often seen in 
leukemia. The spleen itself is increased in size, although 
rarely very considerably so; and its capsule is usually 
thickened, and often adherent to adjacent organs. In 
quite exceptional cases the spleen is not the seat of 
these disseminated growths, but is simply uniformly 
enlarged, like the leukremic spleen. 

The liver, kidneys, alimentary canal, medulla of bone, 
lungs, and subcutancous tissue may all become involved, 
the new growths occurring either as nodules of various 
sizes scattered through the organs, or ina more infiltrated 
form, like many of those met with in leukemia. 

Histologically, the new growths are precisely similar to 
the lymphomata, and like these present differences in the 
relative proportions of cells and stroma, the richly cel- 
lular forms being soft and pulpy, whilst those in which 
the stroma is more abundant are firmer and more fibrous 
in consistence. Retrogressive changes rarely occur. 

With regard to the pathology of the disease, it is 
undoubtedly obscure. ‘The development of the new 
growths cannot in most cases be regarded as the result 
of infection from a primary centre, as the process is, for 
the most part, confined to the lymphatic structures, and 
many and widely distant groups are often simultaneously 
involved. The disease thus appears to occupy a different 
pathological position to that of the mahgnant tumours. 
It is probable that there is some special weakness of the 
lymphatic structures generally which renders them prone 
to undergo these active developmental changes, the process 
being determined by some constitutional state or by some 
local injury of the glands. The progressive an»mia 
which accompanies, but does not precede, the gland- 
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affection, is due to the progressive implication of the 
lymphatic structures and to the consequent interference 
with the formation of the blood-corpuscles. 


LEUK AUMIA, 


In leukemia, as in Hodgkin’s disease, there is 
usually a development of lymphomatous tissue in 
various organs. ‘The disease, however, is characterised 
by the large increase in the number of white corpuscles 
in the blood, and in the majority of cases by enlargement 
of the spleen. It is this alteration in the blood which 
gives leukiemia its distinctive characters— hence its name. 
The disease will be considered subsequently, when treat- 
ing of ‘ Diseases of the Blood.” 


THE LYMPIHANGIOMATA. 


The Lymphangiomata are tumours consisting of lympha- 
tic vessels which are larger than normal; but itis doubtful 
what shares simple dilatation and new formation of 
lymphatic vessels take. The divisions are the same as 
those of angioma—simple and cavernous lymphangioma. 
A section of the latter would scarcely be distinguishable 
from one of cavernous nevus (see Fig. 49), except by the 
coutents of the spaces. There is generally fat in the 
stroma. 

Each kind may be congenital or acquired. Congenital 
dilatations are found in the tongue (makro-glossia), lip 
(makro-cheilia), and labium, causing hypertrophy of the 
parts ; and alyo elsewhere in the skin. 

Acquired dilatation is not rare in the skin, especially of , 
the thigh and thorax, forming tumours sometimes as 
large as an orange In the subcutancous tissue ; dangerous 
loss of lymph may occur from rupture of a vessel: Fibroid 
thickening of the parts from which lymphatics pass to the 
tumour may occur. 
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CHAPTER XVIII 
THE SARCOMATA. 


Tue Sarcomata are tumours consisting of embryonic 
connective tissue. Of these there are several varieties, 
dapending upon the size and configuration of the cells, 
and the nature of the intercellular substance. They 
include what have gencrally been known in this country as 
fibro-plastic, fibro-nucleated, recurrent fibroid,, and 
myeloid tumours. Many growths formerly described as 
“cancers” also belong to this class of new formations. 

Connective tissue in its most immature state differs 
from the fully developed tissue in consisting almost¢en- 
tirely of small round cells, whilst its intercellular substance 
is wholly soft and amorphous. ‘This is the common 
condition of connective tissue in the primary stages of 
all rapid formative processes, as alyeady described when 
speaking of it as the tissue from which many tumours of 
the connective-tissue class originate. (See “ Development 
of Tumours.”) 

In the normal development of this embryonic into 
mature connective tissue, the cells diminish in number, 
many of them assume a spindle shape, and the intercel- 
lular substance fibrillates." Similar changes are seen in - 
inflammatory conditions of connective tissue. In the 
sarcomata, however, the connective tissue retains the 
embryonic state, and throughout their growth there is a 
progressive formation of embryonic tissue. Not uncom- 
monly the process of development leads in parts of 
the tumour to the formation of a more highly developed 
structure, as fibrous tissue, cartilage, or bone, so that a 
mixed form of tumour is produced. 

STRUCTURE.—The sarcomata may thus be defined 
as tumours consisting of connective tissue which through- 
out its growth-more or less retains the embryonic type, 
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in so far at least that cells predominate over intercellular 
substance. The cells, which constitute nearly the whole 
of the growth, consist for the most part of masses of 
nucleated protoplasm, and rarely possess a limiting mem- 
brane. They-vary much in size and form; and though in 
atumour one form usually predominates, all may gene- 
rally be found by search (Cornil and Ranvier). Often 
the different forms are much mixed in the same growth. 
There are three principal varieties—round, fusiform, and 
myeloid cells. 

The round cells are many of them indistineuishable 
from lymph-cells or white blood-corpuscles. Others are 
somewhat larger and contain an indistinct nucleus with 
one or more bright nucleoli: these more ey resemble 
the cells of a granulation. 

The fusiform or spindle-shaped cells are the so-called 
“ fibro-plastic cells.” (Fig 38.) They are long narrow 
cells, terminating at each end 
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nective tissue. 

The myeloid, or mother-cclls, are much larger than 
either of the preceding, and are analogous to the cells 
met with in the medulla of the foetal bone. (See Fig. 47.) 
They are large irregular masses of nucleated protoplasm, 
generally roughly spherical, and often possessing numerous 
offshoots. They are finely granular, and contain several 
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round or roundly-oval nuclei, each with one or more 
bright nucleoli. The nuciei may be exceedingly numerous, 
one cell containing as many as thirty. Both cells and 
nuclei vary considerably in size. 

An intercellular substance cxists in the sarcomata, 
intervening between all cells as in ordinary connective 
tissues. But it may be absent as in endothelium, lym- 
phatic epithelium, &. It is usually small in quantity, 
the cells lying almost in apposition. It may be perfectly 
fluid and homogeneous, or firmer and granular, or more 
or less fibrillated. Chemically it yields albumen, gelatin, 
or mucin. On its amount and nature the consistence of 
the growth depends. 

The blood-vessels are usually very numerous, and are 
either in direct; contact with the cells, or separated from 
them by a little fibrillated tissue. Their distribution is 
very irregular, and their walls are often formed by the 
cells of the tumour, Hence the case with which early 
generalisation can occur, and the frequency with which 
rupture and extravasation of blood take place. Lymphatics 
are not known. . 

DEVELOPMENT.—The sarcomata always originate 
from connective tissue, and may occur wherever connec- 
tive tissue is present. Congenital warts and pigment- 
spots often serve as theirstarting-point in later life (p. 124). 
They increase by the continpous invasion of their connec- 
tive-tissue matrix, so that no line of demarcation exists 
between the two. They frequently invade also other 
tissues, the elements of the growth extending for some 
distance into the surrounding structures. This infiltrating 
tendency of the sarcomuta varies considerably in the 
different varieties, being much more marked in the round- 
celled than in the small spindle-celled and myeloid 
growths. A circumscribed growth is less common, but a 
sarcoma may acquire a capsule by stretching around itself 
the connective tissue of the organ in which it originates. 
The very varying malignancy of tumours having the 
structure of sarcomata is a main point with Cohnheim in 
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establishing the necessity for diminished physiological 
resistance before malignancy can be manifested (p. 125). 
SECONDARY CHANGES.—The most important of 
these is fatty degeneration. This always occurs to a 
greater or less extent in the older portions of the growth, 
causing softening, or the production of cyst-like cavities. 
It is frequently associated with rupture of the blood-vessels 
and hemorrhage : the latter may give rise to the formation 
of sanguineous cysts. (See “Blood-Cysts, p. 168.’’) Calcifi- 
cation (Fig. 42), ossitication (Fig. £3),and mucoid degencra- 
tion are less common. ‘he occurrence of calcification, ossifi- 
cation, and pigmentation is influenced by the predisposition 
of the matrix from which the growth is produced :—thus, 
calcification and ossification are more prone to occur in 
tumours originating in connection with bone, pigmentation 
in those originating from the cutis or eyeball. 
VARIETIES.— Although all the sarcomata possess the 
game general characters, they present many histological 
and clinical differences which may serve as bases for their 
classification. The occurrence of various secondary 
changes—pigmentation, mucoid degeneration, and the 
formation of cysts, impart their respective characters to 
the growth; hence melanotic-sarcoma and cystic-sar- 
coma have becn deseribed as distinct varieties. This is to a 
certain extent justifiable, imasmuch as sarcomata which 
have undergone these transformations, in many cases 
possess the property of reproducing the same characters, 
when they occur secondarily in other parts. Then, again, 
as already stated, sarcomatous tumours are sometimes 
complex in their structure, and ure associated with other 
tissues belonging to the connective-tissue group. A com- 
bination of sarcoma with fatty, cartilaginous, osseous, and 
mucous tissue, is thus not uncommonly met with, This 
is owing to the embryonic tissue exhibiting a tendency to 
develop into the different varieties of connective tissue. 
(See “ The Tumours,”’) The mixed forms—lpo-sarcoma, 
chrondro-sarcoma, osteo-sarcoma, myxo-sarcoma, Xc., 
are thus produced. The following histological classifica- 
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tion, based upon the three different forms of cells already 
described, is the one gencrally adopted. As all the varicties 
of cells may be found in the same tumour, the majority 
will determine the class to which the growth belongs. [If 
no one form predominates, the growth is called “‘ mixed- 
celled.” The extreme edge must be avoided in examina- 
tions, on account of the round-celled growth here which is 
common to many tumours. 


SPINDLE-CELLED SARCOMA. 


These tumours, which include the growths described by 
Paget in this country as “ fibro-plastic,” and “ recurrent 
fibroid,” are the most common of all the sarcomata. They 
consist of cells mainly spindle-shaped and fusiform, sepa- 
rated by only a little homogeneous or slightly tibrillated 
intercellular stibstance. These often form whorls round 
the vessels. The cells, which contain well-marked oval 
nuclei, with one or more nucleoli, are arranged in bundles 
which pass in all directions through the growth, often 
giving to it a somewhat fibrous appearance. In those 
portions of the section in which 
the bundles of spindle elements 
7s 7 —_ have been cut transversely, they 
= Wiz aN present the appearance of round 


mA J Ma / Lf cells. The cells vary considerably 
oe ~ fo LY, in size in different tumours, hence 
Ya 2A the division into small and large 
spindle-celled growths. 
Small Spinle-celled = San Spindle-celled Sarcoma. 
Sarcoma,—From a tu- 
mour of theleg. x 200. —~in these the cells are small, often 
not more than ;,/55th inch in length, 
and the intercellular substance is occasionally imperfectly 
fibrillated. (Fig. 39.) These growths approach thereforé 
the confines of the fibromata, and histologically they must 
be regarded as occupying an intermediate place between 
embryonic and fully-developed connective tissue. They 
grow from the periosteum, the fascis, and from connective 


Fig. 39. 


THE SARCOMATA., 159 


tissue in other parts. They are usually tolerably firm in 
consistence, of a whitish or pinkish-white colour, and for 
the most part present, on section, a translucent somewhat 
fibrillated appearance. They are often encapsuled, much 
more frequently so than other varieties of sarcoma, but 
they are very liable to infiltrate the surrounding struc- 
tures, and to recur locally after removal. 

Large Spindle-celled Sarcoma.— hie cellular clements 
in these tumours are much larger than in the preceding. 
The cells are plumper, and the nuclei and nucleoli are 
especially prominent, and frequently multiple. (Mig. 40.) 
The intercellular substance is more scanty, and there is 





Large Spindle-celled Sarcoma.—To the left—the cells 
have been separated by teasing, so that their individual 
forms are apparent; to the right—they are in thcir 
natural state of apposition, such as would bo seen in a 
thin section of the tumour. (Virchow.) 


a complete absence of any fibrillation. These growths 
are much softer in consistence than the small-celled 
variety. They are of a pinkish-white colour, and are often 
stained by extravasations of blood, and sometimes in parts 
are almost diffluent from extensive fatty degeneration. 
They grow rapidly, and are usually exceedingly ma- 
lhgnant. 
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MELANOTIC SARCOMA.—This is a variety of 
sarcoma in which many of the cells contain granules of 
dark-coloured pigment, quite distinct from the pigment 
of extravasated blood. By far the greater number of 
melanotic tumours are sarcomata, and most of the growths 
which were formerly described as “ melanotic cancers,” 
belong in reality to this class of new formations. 

The melanotic sarcomata originate principally in two 
situations—in the choroid coat of the eye, and in the 


Fie, 41. 





A Melanotic Sarcoma of the Penis.—A, A thin sec- 
tion showing the general arrangement of the elements. 
x 200. B. A section from the peripheral part of the 
growth, showing the “indifferent cells,” amongst which 
are small isolated pigmented clemcnts, At a, a blood- 
vessel is seen. x 200. C. Some of the elements sepa- 
rated by teasing. ln these the pigment granules are 
well seep, x 400. 


superficial integuments. In both of these situations pig- 
ment is a normal constituent of the tissues, and this 
tendency of structures normally containing pigment to 
originate melanotic growths is exceedingly characteristic. 


THE SARCOMATA., 161 


(See “ Pigmentary Degeneration.’’) These tumoursusually 
consist of spindle-shaped cells, and hence they are described 
in the present section; but in some cases the prevailing 
type of cell is round or oval. (Fig. 41.) The pigment, 
which gives to them their distinctive characters, consists 
of granules of a brownish or dark sepia colour, which are 
distributed within the cells (Fig. 41, c), and also in the 
intercellular substance. Frequently, only a very small 
proportion of the cells are pigmented, whilst in other 
tumours the pigmentation is much more universal. In all 
cases, however, a large number of the elements will be 
found to be quite free from pigment. 

These melanotic tumours are amongst the most malig- 
nant of the sarcomatous growths. Although they have 
comparatively but little tendency to extend locally, they 
are disseminated by means of the bloodvessels, and 
occasionally also by the lymphatics, and thus reproduce 
themselves, often very rapidly, in distant tissucs. In doing 
80, although they almost invariably maintain their 
melanotic character, the degree of pigmentation of the 
secondary tumours varies considerably. Whilst many of 
them may be perfectly black in colour, others may be 
much paler, and perhaps only streaked with pigment. The 
secondary growths are soft, usually distinctly circum- 
scribed, and often encapsuled. They may occur in almost 
every organ of the body—the liver, the spleen, the kidneys, 
the lungs, the heart, the brain, and spinal cord, and also 
the lymphatic glands and subcutaneous tissue, may’all be 
simultaneously involved. I have observed that, when 
occurring in internal organs, the pigmentation is not 
always limited to the secondary nodules, but that many 
of the cells proper to the organ itself are filled with 
granules of similar pigment, which is most abundant in 
the cells immediately adjacent to the new growth. This 
pigmentation of the cells of the organ often extends for 
some distance beyond the confines of the tumour. 

OSTEOID SsARCcOMA.— This, which was often called 
‘osteoid cancer,” is a variety of sarcoma (usually spindle- 

M 
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celled) in which the growth’ is either more or less 
calcified, or has partially become converted into true 
bone. As a primary growth it is met with almost 
exclusively in connection with bone, growing either from 
the periosteum or the medulla; but the ostcoid characters 
are usually reproduced in secondary tumours occurring 
in the lungs and other parts. 

Calcification is much more common than true ossifica- 
tion; they may occur separately, but are often combined. 
Bands and patches of granular appearance, in which 
the outlines of cells may still be visible, or in which 
all structure has disappeared, and which stain but 
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Calcifying Sarcoma,—From a secondary tumour of the 
lung. Showing the calcification of a spindle-cellced 
growth, and the formation of broad bands of calcified 
intercellular material enclosing spaces which contain 
round and oval cells, x 200. 


slightly, show where calcification has occurred. (Fig. 42.) 
In other parts, especially near the bone, spicules having 
the structure of more or less perfect bone—Haversian 
canals, lacunae, and imperfect canaliculi—will be seen 
penetrating the growth. (Fig. 43.) The spicules are 
generally vertical to the surface of the bone. In some 
cases a skeleton af bony spines radiates from the bone 
through the growth. 

Both calcification and ossification may be very complete, 
only a thin margin of sarcoma-tissue being left unaffected. 
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In the canals and spaces fibres often develop. A simple 
osteoma, would have cartilage or periosteum on its surface, 





Ossifying Sarcoma of Lower Jaw.—s, Sarcoma-tissue 5 
b new bone, growing from jaw, of which the structure 
is fairly typical 5; p. pomnt of commencing ossification. 
Only nuclei of cells are indicated; close to the bone 
the stroma is very fibrous, x 40. 


and would be of much slower growth. It is most im- 
portant to recognise the difference. 


ROUND-CELLED SARCOMA. 


This is of softer consistence than the spindle-celled 
growths, and from its frequent resemblance in physical 
characters to encephaloid, it is sometimes known as 
“ medullary,” “ encephaloid,” or “ soft” sarcoma. Histo- 
logically, it is elementary embryonic tissue, consist- 
ing mainly of the round cells already described, em- 
bedded in a scanty and usually soft, homogeneous, or 
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finely granular intercellular substance. (Fig. 44.) The 
cells usually resemble those met with in the most 
elementary embryonic tissue; 
less frequently they are larger, 
and contain large round or oval 
Cee et: nuclei, with bright nucleoli. There 
wee @etyy 1s an almost complete absence of 


Fig. 4-4. 


# > g \ 
Che CQO fusiform cells, and of the partial 
ee, sa0e eee fibrillation which is so frequent 
en Oe in the more highly developed 


Round-celled Sarcoma.— spindle-celled variety. 

A thin section of a small The round-celled sarcomata are 
round-celled sarcomiuof the oy ana 
liver, x 200. of a uniform soft, brain-like con- 
sistence, somewhat translucent or 
opaque, and of a greyish or reddish-white colour. On scrap- 
ing the cut surface, they yield a juice which is rich in cells. 
They are exceedingly vascular, the vessels often being 
dilated and varicose, and, from their labilty to rupture, 
they frequently give rise to ecchymoses and to the 
formation of sanguineous cysts. (See “ Blood- Cysts.”) 
They grow from the cutis, the subcutancous cellular 
tissue, the periosteum, the fascia, and the connective 
tissue of organs. They extend rapidly by peripheral 
growth, infiltrate the surrounding structures, reproduce 
themselves in internal organs, and often involve the 
lymphatic. glands. From their clinical and physical 
characters, these tumours are very lable to be confounded 
with encephaloid cancer :—they are distinguished by the 
absence of an alveolar stroma, and by the penetration of 

the intercellular substance between the individual cells. 
GLIomwaA.—This is a variety of round-celled sarcoma 
growing from the neuroglia or connective tissue of nerve. 
It consists of very small round cells, embedded in an ex- 
ceedingly scanty, homogeneous, granular, or slightly 
fibrillated intercellular substance. (Fig. 45, a.) Some of the 
cells may possess fine prolongations which, by communicat- 
ing with one another, form a somewhat reticulated struc- 
ture. These tumours occur in the grey and white substance 
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of the brain, in the cranial nerves, and in the retina. In the 
retina they usually commence as a minute nodule, which 
may gradually increase until it projects as a large 
fungating tumour from the orbit. They are not en- 
capsuled, and although they may occasionally infiltrate 
the tissues in which they lie and cause secondary growths 


Fic. 45. 





Sarcomatous Tumours from the Brain.—a. A glioma 
of cerebellum, This represeuts the appearance ordi- 
narily presented by these growths. 6. A comparatively 
rare form of sarcoma, which consists of large nucleated 
eclls enclosed within the meshes of a vascular net- 
work, ‘The development of this tumour took place in 
the brain subsequently to that of spindle-celled growths 
—primarily in the thigh, and secondarily in the lung. 
x 200. 


in their immediate vicinity, they very rarely reproduce 
themselves in the lymphatic glands or in internal organs. 
They are liable to small haemorrhages into their rete 
and sometimes become more or less caseous. 

LYMPHO-SARCOMA.— This is a round-celled sarcoma, 
in which the matrix has developed into a more or less 
perfect reticulum, like that of lymphoid tissue. 1t may 
begin in lymphatic glands, or in connective tissue else- 
where. It is distinguished from lymphoma by its more 
rapid course, and by the formation of secondary growths 
by embolism. 

ALVEOLAR SARCOMA.—This is a rare form of 
round-celled sarcoma, which was first described by Billroth. 
The cells, which are large, sharply defined, round or ovalin 
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shape, and enclose prominent round nuclei, are separated 
from each other by a more or less marked fibrous stroma. 
In some parts this stroma forms small alveoli within which 
the cells are grouped ; but careful examination will always 
show that in most parts of the section the stroma really 
penetrates between the individual cells. Itis this last 
named character which serves to distinguish these tumours 
from the cancers, with which, in many cases, they may 
easily be confounded. The accompanying drawing, made 
from a preparation kindly lent to me by Mr. R. J. Godlee, 
shows well their microscopical 
Fic. 46. characters. (Fig. 46.) The 
oe stroma is often much more deli- 
i ee abies cate; and the cell-masses are 
ig Pe more rarely much larger than in 
UCR ere vy 8 , 
‘ Ge ao the drawing. The cells are in 
ae ei ai ‘4 close connection with the stroma. 





ay ee Vessels pever pass in among 

crane them. Zicgler says the alveolar 

aCe. structure is due to transforma- 

ao tion of intervascular tissue into 

Alveolar Sarcoma.—From 9 Cclis whilst the vessels with 

tumour of the skin, x 200. some connective tissue remain 
as septa. 

Alveolar sarcomata are met with principally in the skin, 
bones, and muscles. In the skin, where they are often 
multiple, they lead to ulceration. They tend to recur 
locally, and also to reproduce themselves in internal 
organs. 


MYELOID SARCOMA. 


This, which is the well-known myeloid tumour, is 
somewhat allied to the spindle-celled growths. It possesses, 
however, certain histological peculiarities which probably 
depend upon the characters of the tissue from which it 
grows, Myeloid tumours nearly always occur in connec- 
tion with bone, and most frequently foriginate in the 


THE SARCOMATA., 167 


medullary cavity. They consist of the large, many nucle- 
ated cells already described as “ myeloid cells,”—which 
resemble the cells of the medulla in a state of excessive 
nutritive activity—together with numerous fusiform cells 
like those met with in the spindle-celled varieties. There 


Pig. 47, 





Myeloid Sarcoma, {Virchow.) 


are also some smaller round and oval elements. The 
large myeloid cells which give to these tumours their dis- 
tinctive characters, are usually much more numerous in 
those growths which originate in the medullary cavity 
than in those which spring from the periosteum. These 
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various forms of cells are almost in contact, there 
being very little intercellular substance. (Fig. 47.) The 
growths ure sometimes very vascular, so much as to give 
rise to distinct pulsation. They often contain cysts. 

Myeloid tumours almost always grow in connection 
with bone, the heads of the long bones being their favourite 
seat. They are also frequently met with springing from 
the periostcum of the upper and lower alveolar processes, 
where they constitute one form of epulis. When originat- 
ing within the medullary cavity, the compact tissue of the 
bone becomes expanded over them, and they thus often 
communicate on palpation the peculiar sensation known 
to surgeons as “ egg-shell crackling.”” These tumours are 
for the most part of firmer consistence than the other 
varieties of sarcoma; many of them are firm and fleshy, 
although others are softer, more resembling size-gelatin. 
They are not pulpy and grumous like the soft sarcomata, 
neither do they present the fasciculated appearance of the 
spindle-celled varieties. Their cut surface has a uniform 
succulent appearance, often mottled with patches of red. 
This red-brown or maroon colour (Paget) varies with the 
number of giant-cells present, and is very characteristic. 
They are often encapsuled by the periosteal covering of 
the bone from which they grow. They are rare after middle 
life, and are the least malignant of all the sarcomata, 


BLOOD-CYSTS. 


Tumours are occasionally met with into which so much 
hemorrhage has taken place as to mask their real nature, 
and to give to them the appearance of blood-cysts. The 
nature of these blood-cysts has only recently been under- 
stood. ‘They are now known to bein the majority of cases 
soft, round-, or spindle-celled sarcomata. They consist of 
broken-down blood-coagula, surrounded by an ill-defined 
layer of soft sarcoma-tissue. The microscope will also 
usually reveal sarcomatous elements amongst the altered 
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blood. These growths are exceedingly malignant, and 
hence the recoynition of their sarcomatous origin is all- 
important. 


CLINICAL CHARACTERS OF THE SARCOMATA. 


The sarcomata occur most frequently in early and 
middle life, and, next to the carcinomata, are the most 
malignant of the new formations. hey are especially 
characterised by their great tendency to extend locally and 
to infiltrate the surrounding structures, so that they are 
exceedingly prone to recur 7 loco after removal. Butlin 
has shown that sarcomata of certain parts almost always 
affect lymphatic glands, and early—namely, those of the 
testis, tonsil, lymphatic glands, and some fasciw. ‘l'hose 
of certain other parts never do; so that, on the whole, 
sarcomas present a contrast to cancers in this respect. 
They are also very liable to become generally disseminated, 
although this is not usual in the earlier stages of the 
disease. The secondary growths occur most frequently in 
the lungs. The dissemination is effected by means of the 
blood, and is owing to the thinness of the walls of 
their bloodvessels and to the immediate contact of these 
with the cells of the growth—conditions most favour- 
able to the entrance of the cellular clements into the cir- 
culation. ‘'he dissemination of the sarcomata is, on this 
account, sometimes more rapid than that of the carcino- 
mata. In the latter, extension in the early stage takes 
place principally by the lymphatics, and dissemination by 
the blood occurs only later in the disease. The secondary 
sarcomata usually resemble the primary one, but in excep- 
tional cases the several varieties may replace one another. 

These malignant properties, as has been seen, are pos- 
sessed by the different varieties of sarcoma in very different 
degrees. As a rule, the softer and more vascular the 
tumour, and the less its tendency to form a fully developed 
tissue, the greater is its malignancy. The soft, round- 
celled, and large spindle-celled varieties are thus usually 
much more malignant than the firmer, small spindle-celled 
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growths. Their infiltrating powers are much greater, they 

sometimes infect the lymphatic glands, and tend to repro- 

duce themselves very rapidly in internal organs. Many 

of the’small spindle-celled tumours, after. removal, never 

recur ; whilst others recur locally several times, and ulti- 

mately reproduce themselves in distant parts. Asa rule, 

largeness of the’ spindle elements and the existence in 

many of them of more than one nucleus, is an evidence of 

special malignancy. Central sarcomata of bone are much 

less malignant than subperiosteal ; the latter, with sarco- 

mata of the tonsil and testis, and mclanotic sarcoma of 

skin, being among the most malignant of tumours, The 

presence of a capsule limiting the growth must also be 

taken into account in judging of the degree of its malig- 

nancy. It must, however, be borne in mind that even ina 

growth distinctly encapsuled, the sarcomatous elements 

may invade the adjacent structures. be myeloid growths 

are the least malignant ; they may in exceptional cases 

give rise to secondary growths in internal organs, but 
“complete” removal gives a very good chance of non- 
recurrence. This sometimes occurs with growths having. 
every appearance of malignancy. 


CHAPTER XIX. 


THE MYOMATA, NEUROMATA, AND 
ANGIOMATA. 


THE MYOMATA. 


Tus Myomata are tumours consisting of muscular 
tissue. A new formation of muscle has been already 
described as being frequently associated with the ordinary 
process of hypertrophy, both of striated and of non- 
striated muscle—hyperplasia of the elements -of the 
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muscle accompanying the incréase in their size. (See 
p- 112.) 

STRUCTURE.— The myomata consist either of striated 
or of non-striated muscle. The striated are exceedingly 
rare, only two or three examples having been recorded, and 
these were congenital. Striated cells, generally with non- 
striated, occur in sarcomata of the kidney and testis found 
in young children. 

The myomata of non-striated muscle consist, like the 
physiological tissue, of elongated spindle-cells with rod- 
shaped uuclei, more or less isolated or grouped into 
fasciculi of various sizes, with a varying quantity of con- 
nective-tissue. The muscular elements cither prosent a 
more or less regular arrangement, or pass in all directions 
through the tumour. The blocdvessels, which are usually 
not numerous, are distributed in the connective-tissue. 

DEVELOPMENT.— Striated muscle-cclls in congenital 
growths of organs developed from the Wolffian body 
are probably due to its inclusion in this body of cells 
from the adjacent muscle-plates. The much more com- 
mon non-striated growths probably always originate from 
muscle, These may form distinctly circumscribed tumours 
surrounded by a fibrous capsule, or constitute ill-defined 
irregular masses in the midst of the muscular tissue in 
which they grow. 

SECONDARY CHANGES.—Of these, the most fre- 
quent is calcification. Hemorrhage, mucoid softening, 
and the formation of cysts, are occasionally met with; 
also ulceration and necrosis. 

SEATS, é&c.—Non-striated myomata are most fre- 
quently met with in the uterus. They occur also in 
the prostate, the cesophagus, and the stomach and intés- 
tines. They frequently become pedunculated and form 
polypi. 

Myoma of Uterus.—The uterus is by far the most 
frequent seat of myomata, and here they constitute the 
so-called “‘uterine fibroid.” In most of these muscular 
tumours of the uterusthere is alarge proportion of con- 
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nective tissue—hence the terms “fibroid” and “ fibro- 
myoma,” This is the case especially in older growths. 
Those newly developed, however, consist almost en- 
tirely of true muscular tissue. They either form firm 
hard masses, embedded in the uterine walls, or project 
into the uterine or abdominal cavities. When projecting 
into the uterus they constitute a common form of uterine 
polypus. They do not form till after puberty, and are 
commonest in elderly sterile females. Their growth is 
usually slow. Pregnancy causes them to enlarge rapidly, 
and they undergo some involution after delivery. ‘hese 
tumours are often multiple. The older ones are hable to 
become calcified. They also sometimes undergo mucoid 
softening, which gives rise to the formation of cysts in the 
tumour. 

CLINICAL CHARACTERS.— Clinically, the myomata 
are perfectly innocent. 


THE NEUROMATA. 


The Neuromata are tumours consisting almost entirely 
of nerve-tissue. The term “neuroma” has been applied 
to many ‘growths found in connection with nerves; 
fibrous, myxomatous, and gummy tumours growing within 
the nerve-sheath have been included under this head. 
True neuroma, however, is rarcly met with, and is 
among the least frequent of all the new formations. 

STRUCTURE.— The neuromata most commonly con- 
sist of ordinary medullated perve fibres; they therefore 
resemble in structure the cerebro-spinal nerves, from 
which they most frequently grow. The nerve-fibres are 
associated with more or less connective-tissue. Virchow 
has described as exceedingly rare formations, also tumours 
composed of non-medullated fibres, and of ganglionic 
nerve-tissue. 

DEVELOPMENT AND SEATS.—The neuromata 
always originate from pre-existing nerve-tissue,—either 
from the cranial or from the spinal nerves. Their growth 
is slow, they rarely attain a large size, but usually exist as 
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small single nodules. The bulbous ends of nerves in 
stumps are by some called amputation-neuromata. 
They often consist only of fibrous tissue, but may contain 
rolled-up nerve-fibres—attempts at regeneration rather 
than atumour. ‘They are usually intimately connected 
with the cicatricial tissue of the stump. Small tumours, 
single or multiple, may occur on any nerves, generally 
superficial ones. The majority of them are tibromata or 
myxomata; but some contain nerve-fibres. 

CLINICAL CHARACTERS.—Clinically, the neuro- 
mata are perfectly innocent tumours. They often cause 
considerable pain. 





THE ANGIOMATA. 


The Angiomata, or vascular tumours, consist of blood- 
vessels held together by a small amount of connective- 
tissue. ‘They include the various forms of navi, and 
aneurism by anastomosis. ‘They may be divided into two 
classes—the simple or capillary angiomata, in which 
the new vessels resemble chiefly normal capillaries; and 
the cavernous or venous anviomata, in which the blood 
circulates in w cavernous structure similar to that of the 
corpus cavernosum penis. ‘lhe characters of both are 
well shown in the accompanying drawings, made from 
specimens kindly lent by Mr. Boyd. 

SIMPLE ANGIOMATA.——‘hese consist of tortuous 
and dilated capillary vessels, held together by a small 
quantity of connective and adipose tissue. (Fig.48.) 1t is 
doubttul what proportion of the vessels is due to dilatation 
of the original capillaries; but Ziegler thinks that many 
are formed this way. Some are of new formation. Very 
irregular dilatations are common. The capillary walls 
may be thin or thick, consisting of a double tier of cells. 
One or two supplying arteries can be seen in most 
sections. These growths generally occupy the superficial 
layers of the cutis, and form the port-wine stains and 
mother’s marks; they are slightly or not at all 
elevated. Others le in the subcutaneous or submucous 
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tissue, and may form large tumours. Their colour is red 
violet, or purple, according to the depth of the vessels 
and the rate of flow through them; the most frequent 
colour is red when superficial, bluish when subcutaneous. 
They are probably always congenital, though they may 
not be noticed for a few weeks after birth. 


Fic, 48, 
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Capiilary Nerus from Subeutaneous Tissue of a 
Child. —Cap. Vessels of new growth; a. normal 
artery 3 /) fat-colls; ec. capsule. x 200, reduced 4. 


Simple angioma is often combined with lipoma, glioma, 
sarcoma. Sometimes cysts containing dark fluid form 

CAVERNOUS ANGIOMATA.—'lhese are the venous 
vascular tumours, The growth is made up of irregular 
fibrous alveoli, which communicate freely with one another, 
and are lined with an endothelium similar to that of the 
veins (Fig. 49). These spaces are distended with blood, 
which is supplied to them by numerous tortuous vessels, 
and circulates with varying degrees of rapidity. The 
arteries open directly into the spaces. These growths 
are commonly of a bluish colour. They may be diffuse, 
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or form distinctly circumscribed tumours. They some- 
times exhibit distinct pulsation. Their favourite seat is 
the skin and subcutaneous tissue. They may occur also 
in the orbit, muscle, liver, spleen, and kidneys. They 
may develop by dilatation of the vessels of a simple 
angioma. They may be congenital; but in the liver 
Ziegler thinks they develop after middle age, when the 
cells begin to atrophy. 


"Fie. 49, 





Cavernous Nevrus of Liver.—-From awoman aged 
39. ss. Large spaces bounded by fibrous walls, 
some containing blood débris; ¢. liver-cells (too 
large) toward which the growth is bounded by 
thick fibrous walls. x 40, reduced }. 


ANEURISM BY ANASTOMOSIS.—The arteries of 
an area, especially on the head, become dilated, greatly 
elongated, and tortuous; perhaps new vessels form. Some 
are congenital, others follow injuries. 
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CHAPTER XX. 
THE PAPILLOMATA. 


THE Papillomata are new formations resembling in 
structure ordinary papille, and lke these they grow from 
cutaneous, mucous, or serous surfaces, and from the in- 
terior of cysts. As all new growths on free surfaces tend 
to become papillary, it is probably the result of physical 
conditions. A wart would then be a fibroma become 
papillary by an accident of position. 
STRUCTURE.— They consist of a basis of often richly 
cellular connective-tissue, which sends towards the 





Section of Wart on Skin 0, Abdomen,—e. Epithelium ; 
c.t. connective tissue continuous with epidermis and cutis; 
s. accumulations of horny epidermis deep down between 
the papilla, looking in section like large nests. x 10. 


surface numerous papillary processes, each supporting 
bloodvessels which end in a capillary network or single 
loup, the whole being enveloped in a covering of epithelium. 
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(Fig. 50.) The epithelial covering varies in character in 
different growths. In those of the skin, it 1s often very 
abundant, and the superficial layers are hard and stratified, 
forming a dense firm covering. In those originating from 
mucous surfaces, the epithelium forms a thinner invest- 
ment, and is of a much softer consistence; whilst in 
those growing from serous membranes it often constitutes 
only a single layer. 

The growth may be simple—consisting merely of 
enlarged papille, as in a common wart; orit may be com- 
plex, the papille being very numerous, long, and branched, 
giving off secondary and tertiary offsets. If the invest- 
ing epithelium be very abundant, it may so enclose the 
whole mass as to give to it a more or less regular outline. 
More commonly, however, this is not the case; and, the 
epithelium not being sufficient to fill up the spaces 
between the papillae, the growth presents a branched, 
villous, or cauliflower appearance. ‘lhe blood-vessels are 
often very numerous, and are sometimes dilated and 
tortuous, 

DEVELOPMENT.—The papillomata always originate 
from the skin, from mucous, or from serous membranes. 
As already stated, they owe their origin usually to some 
irritation, and must be regarded as occupying an inter- 
mediate position between inflammatory growths and 
tumours. They most frequently grow from pre-existing 
papilla; sometimes, however, they occur where no papille 
exist, springing directly from the sub-epithelial connective 
tissue :—this is the case in the stomach and larynx. 
Their growth is usually slow. The individual tumours 
rarely attain a very large size, the larger forms being for 
the most part constituted of several smaller growths. 

SECONDARY CHANGES.—Of these, ulceration and 
hemorrhage are the most frequent. They occur espe- 
cially in those growths which joriginate from mucous 
surfaces. The hemorrhage is often very abundant, and 
may even endanger life. This is not unfrequently -the 
case in the papillary growths of the bladder and intestine. 
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VARIETIES.—The varieties of papillary tumours de- 
pend principally upon their seat. Those growing from 
the skin include warts and horny growths. Warts are 
firm, have a dense epithelial covering, and are less prone 
to ulceration and hemorrhage than those growing upon 
other parts. Horny growths appear usually to originate’ 
in the sebaceous follicles, by a continuous proliferation 
of their epithelium. The epithelium, together with the 
sebaceous secretion, forms a projecting horn, which 
increases by growth at its base. Such formations hardly 
come within the definition of papilloma. Larger and 
more vascular papillary tumours may, however, occur on 
cutaneous surfaces—such are the condylomata and 
venereal warts met with around the anus and upon the 
external male and female genital organs, as the result of 
irritating secretions, 

The papillomata of mucous membranes are softer and 
more vascular than the preceding, they have a less dense 
epithelial covering, and are more prone to ulceration and 
hemorrhage. Many of them come within the category 
of mucous polypi. They are met with onthe tongue, in 
the larynx and nose, on the gastro-intcstinal mucous 
membrane, on the cervix uteri, and in the bladder. In 
the bladder (villoustumour) and intestine they are often ex- 
ceedingly vascular, and give rise to profuse hamorrhage. 
Here they are not unfreyuently confounded with villous 
epithelioma. 

Papillomata of serous membranes never form distinct 
tumours. They are met with most trequently as small 
outgrowths from the synovial membrane in chronic 
diseases of joints. 

CLINICAL CHARACTERS.—Clinically, the papillo- 
mata are innocent growths. They may, however, prove 
fatal from continuous ulceration and hemorrhage : this is 
especially the case, as already mentioned, in papillomata 
of the bladder and intestine. In these situations they are 
easily mistaken for epithelioma; the symptoms of both 
are very similar, and it is often only after death that they 
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can be distinguished. In the case of the bladder a 
papilla may often be found in the urine, or removed in 
the eye of a catheter. In the papillomata the epithclium 
is homologous, being situated only upon the surface of 
the papillw, and in no case growing within their connective- 
tissue basis. In the epitheliomata, on the other hand, it 
is heterologous, and it is mct with at the base of the 
tumour in the subjacent connective tissue. (See Fig. 64.) 
It is important to remember that a growth which is 
primarily a simple papilloma may subsequently become 
an epithelioma. (Sce “ Epithelioma.”) 


CHAPTER XXI. 
THE ADENOMATA. 


Tre-Adenomata—or, as they are more commonly called, 
glandular tumours—are new formations of gland-tissue, 
more or less atypical in structure, hevimg an abnormal 
relation to the tissue around it, and incapable of 
performing the function of the gland they imitate. 
Their ducts do not enter those of the gland whence they 
spring. 

STRUCTURE.—In stretiiaie the adenomata resemble 
the racemose or tubular glands. 

The racemose adenomata consist of numerous sac- 
cules or acini, lined with small epithelial cells, which 
are often two or three layers deep. The acini communi- 
cate with each other, and are grouped together, being 
separated merely by connective tissue, in which are con- 
tained the blood-vessels. The connective tissue varies 
in amount; when much in excess of the normal the 
growth is called anadeno-fibroma. It may resemble the 
normal tissue, or, if growing rapidly, it will be much 
more richly cellular, containing round and spindle 

N 2 
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elements; absolute anatomical distinction between such 
growths and sarcomata is impossible. The structure of 
these tumours is well shown in the accompanying draw- 
ing, made from a specimen kindly lent to me by Mr. 


Cantlie. (Fig. 51.) 





Adenoma of Mamma, x 200, reduced %,. 


All growths originating in glandular organs may be 
associated with more or less glandular structure. In 
the mamma, for example, sarcoma, myxoma, and other 
forms of tumour, are often so intermingled with the gland- 
tissue of the organ that it becomes difficult to say which 
is the predominant structure. In many cases it is evident 
that the development of such tumours is accompanied by 
an increase of the gland-tissue amongst which they grow. 
Thus are produced mixed forms—adeno-sarcoma, adeno- 


THE ADENOQMATA, 181 


myxoma, &c. These are not adenomata because the 
stroma is not that of normal gland. 

The tubular adenomata grow from mucous mem- 
branes, and consist of groups of tubules lined with 
epithelium. They will be again alluded to hereafter. 

DEVELOPMENT.—The adenomata almost always 
originate from pre-existing gland-structures. They 
generally grow slowly, and probably from some hitherto 
quiescent congenitally misplaced rudiment; otherwise it 
is dificult to explain tke complete encapsulation and 
separation from the normal gland which distinguish 
adenoma from localised hypertrophy. The latter swell- 
ing remains in intimate relation with the gland, and is 
probably often of inflammatory origin. 

SECONDARY CHANGES.—The most frequent of 
these is fatty degencration of the epithclium, which may 
give rise to the formation of small caseous masses in the 
growth. Dilatation of the saccules and tubules into cysts, 
and mucoid softening, are also common. The origin of 
cancer has several times been traced to an adenoma. 

VARIETIES.—T'he word adenoma has been loosely 
used, as above pointed out, so as to include all new 
formations of gland-tissue. It is described as occurring 
in the following organs :— 

Mamma,.—'l'his is much the most common seat of 
adenoma, or rather of adeno-fibroma; for a glandular 
tumour which is structurally indistinguishable from nor- 
mal breast is very rare (Fig. 51). The arrangement of the 
epithelium, the number and size of the spaces, the propor- 
tion of stroma, and the number of cells if contains, is 
more or less abnormal (Fig. 52), hence the second name is 
generally most applicable. These tumours are called also 
“Chronic Mammary” and “ Adenoid.” They are en- 
capsuled; round, oval, or lobulated; lying in or on the 
breast. They are of hard elastic consistence; their 
section is convex rather than cupped, of fibrous appear- 
ance, often lobulated, or showing a racemose structure 
even to the naked eye. These tumours are most common 
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in early life. They may be multiple. Many adeno- 
fibromata contain cysts, which may be very numerous, 
and vary in size from slight dilatations of ducts and 
acini up to cavities holding some ounces. They contain 
yellow, mucoid fluid, which may be reddish or brown 
from extravasated blood. Many are lined with cylindrical 
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Adeno-Fibroma of Mamma,—Showing new growth of 
gland structure aud of conuective tissue. x 100, 
reduced 4, 


epithelium like that of the gland spaces; but others 
appear to be formed by localised softenings of the 
stroma. At first they appear on section hke irregular 
and branched fissures, then like spaces full of fluid; bat 
in other cases these are almost completely filled by papil- 
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lary fibrous growths covered by cubical epithelium, 
which grow in from their wall. 


are called cystic adenoma; or, if the stroma is richly 


cellular, cystic adeno-sarcoma. 


The non-cystic growths must be distinguished from local 
and general hypertrophies of the gland. 
Ovary.—Many compound ovarian cysts are really 
cystic tubular adecnomata, and often contain papillary 


growths. (Fig. 53.) 
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Papillary Growth inside an Ovarian Cyst, projecting 
from its wall (w). They consist of loose connective. 
tissue (c), containing many branched cells, covered by 
a layer of columnar cells (ec). Secondary processes are 
numerous (p). x 40, reduced 4, 


Testis.— No pure adenomata, but mixed tumours, like 


those in the parotid, occur. 


These cystic growths 
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Prostate.—Some of the tumours which form in this 
body in advanced age contain glands as well as muscle 
and connective tissue (Adeno-myoma). 

Thyroid.—Apart from the hypertrophy of endemic 
goitre and Graves’ disease, distinct tumours having the 
structure of the thyroid occur in its substance. 

Parotid.—Pure glandular tumours are infrequent, and 
the gland-epithelium is generally very atypical. Fuibro- 
adenomata are commoner; but the ordinary “ parotid 
tumour” is “ mixed,” containing cartilage, mucous tissue, 
&c. The other salivary glands are much more rarely 
affected. 


Fia. 64 





Lobule of a Sebaceous Adenoma,—c.t. Connective tissue 
containing many cells, and forming capsule and septa. 
e. Saccule full of epithelial cells, few of which show 
sigus of fatty degeneration—a clear space, pushing 
nucleus aside, In larger saccules degeneration is 
more general and extreme (fic). x 200. 


Biver.—Small encapsuled tumours having the struc- 
ture of the liver are rarely found. 
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Glands of Mucous Membranes.—Racemose glands 
—mucous, Brunner’s—may hypertrophy like the above. 
Gland-tissue enters largely into the structure of some of 
the “mucous” polypi which spring from every mucous 
membrane, especially in catarrhal states. In some cases 
the glands probably enlarge primarily; project, and 
become polypoid. In other cases it is thought that 
localised increase of connective tissue from inflammation 
may necessitate increase of the epithelial structures in 
relation with it. Polypi of the nose, stomach, intestines, 
rectum, and uterus are examples. The connective tissue 
is soft and ocdematous; the surface is covered by the 
epithelium of the part. 

Sebaceous and Sweat Glands.—‘‘ Adenomata” of 
these are hyperplasia rather than tumours; being uniform 
enlargements of the glands. Fig. 54, from a specimen 
of Mr. Boyd’s, shows a small portion of a sebaceous 
“adenoma” from the chin of a child. 

Calcification of the epithelial masses may occur, and 
Malherbe has shown that ossification of the fibrous 
stroma may also take place; such tumours are rare, and 
have been called osteomata of the skin. 

Adenomata afford further support to Cohnheim’s view 
concerning the nature of malignancy (p. 130). Almost 
invariably an adenoma or adeno-fibroma proves perfectly 
innocent. But now and again cases occur which appear 
clinically and microscopically to be ordinary adenomata, 
but which recur locally after removal. It is no explana- 
tion io call these sarcomata. Again, there are several 
cases on record of generalisation, of tumours having the 
structure of normal thyroid: also some of ovarian 
adenoma. 

The lumina of racemose adenomata are sometimes 
filled up with epithelial cells; it is then impossible to 
distinguish them microscopically from scirrhus in its 
earliest stage—that of multiplication of epithelium. In- 
deed, the origin of cancer from adenomata has several 
times been proved microscopically and clinically. 
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As sarcoma-tissue passes insensibly into fibrous, it 
is often impossible to say with certainty which name 
should be applied to the stroma of a tumour containing 
gland-tissue. 


CHAPTER XXII. 
THE CARCINOMATA. 


Tne Carcinomata or Cancers are most atypical new 
formations of cells of the epithelial type, grouped irregu- 
larly inthe alveoli of a more or less dense fibroid stroma. 
The “epithelial type’’ implies origin from epi- or hypo- 
blast, and the absence of intercellular substance; it does 
not imply any specitic form of cell. 

The alveolar structure, scen on section, has caused it to 
be said that cancer is an atypical gland-structure. Every 
tumour is atypical morphologically and physiologically ; 
almost all are so structurally. But in cancer we have 
epithelial cells, often of the most abnormal form, filling up 
the lumina of gland-tubes (if it start from a gland), 
bursting through their basement or hmiting membrane, 
and ramifying in the spaces of connective tissue. ‘There 
is no type for such a process as this. 

_ The cells vary markedly in character according as they 
spring from stratified epithelium, columnar epithelium, 
or the epithelium of acinous glands. They inherit,-to a 
greater or less extent, the form and tendencies of the 
variety of epithelium from which they originate. Thus, 
cells.of cancers springing from stratified epithelium tend 
also to undergo the ordinary epithelial evolution, ending 
in cornification ; and in many cases they show prickle- 
cells. Columnar epithelium: often retains its typical 
form, and continues to surround open spaces; but in 
other cases the cells multiply so as to fill the spaces, the 
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outermost cells generally retaining a cylindrical shape. 
Cells of acinous glands undergo no evolution; by multi- 
plication they produce cells of their own kind, which may 
be much altered in shape by mutual pressure. Upon the 
retention by the cells of ancestral characters, the three chief 
varieties of cancer are based-—the squamous and cylin- 
drical-celled epithelioma, and acinous cancer. But 
ancestral peculiarities are not always retained. Certain 
cancers springing from stratified epithelium—perhaps 
from the small glands in relation with it—undergo no 
evolution, and are indistinguishable from scirrhus; and 
tumours springing from columnar epithelium ure in many 
parts exactly similar to acinous cancer. 

The name epithelioma wus given to cancers springing 
from the epithelia, in opposition, as it was thought, to the 
cancers of connective-tissue origin. The distinction of 
the forms is of much less importance now that the 
epithelial origin of all is coming to be more and more 
recognised. (See “ Development.”) 

Typical epitheliomata are’ so easily distinguishable by 
the above characters from acinous cancers that they are 
always described separately. We shall take the acinous 
cancers first. 

STRUCTURE.— The definition 
shows that we have to describe, 
first, the epithelial cells; and, so a Ee 
secondly, the stroma which forms . et en 
the spaces in which they li. ‘G 


The cells are characterised by .- 
their large size, by the diversity ge Of t 
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of their forms, and by the mag. 
nitude and prominence of their 
nuclei and nucleoli. (Fig. 55.) 
In size they vary from ;ijz to 
<eoa Of an inch in diameter, the 
majority being about five times as large as a red blood- 
corpuscle. They are round, oval, fusiform, caudate, 
polygonal—exhibiting, in short, every diversity of outline. 





Cells from a Scirrhus of 
the Mamma, x 350. 
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These variations in form are principally owing to the 
mutual pressure to which, intheir growth, they are sub- 
jected. The nuclei are large and prominent, round or oval 
in shape, and contain one or more bright nucleoli. The 
nuclei are, perhaps, most frequently single, but two are 
often met with, and in the softer and more rapidly 
growing cancers there may be more. The cells rapidly 
undergo retrogressive changes, hence they usually con- 
tain molecular fat. They are many of them exceedingly 
destructible, so that some- 
times more free nuclei than 
cells are visible. Cells pre- 
cisely similar to these are 
met with in other morbid 
erowths, and also in the 
normal tissues. There is 
thus no specific “ cancer- 
cell.” 

The stroma varies con- 
siderably in amount, being 
much more abundant in 
some specimens than in 

The Alveolar Stroma from a Others. It consists of amore 
Scirrhus of the Mamma.—The cells or Jegg distinctly fibrillated 
have been removed by pencillinug, |. 

x 200. tissue arranged so as to form 

alveoli of various forms and 
sizes, within which the cells are grouped. (Figs. 56 and 58.) 
These alveoli communicate with one another, so as to form 
a continuous cavernous system. The characters of the 
stromavary withthe rapidity of its growth :—ifthis is rapid 
it will contain some round and spindle-shaped cells (see 
Figs. 60 and 65); if, on the other hand, it js slow, or has 
altogether ceased, the tissue will contain few or no cells, 
and will be denser and more fibrous in character. (Fig. 
56.) The latter is the condition im which it is most com- 
monly met with. 

Within the stroma are contained the blood-vessels. 
These are often very numerous, and form a close network 
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round the alveoli. They are limited to the stroma, and 
never pass into the epithelial masses. This distribution 
of the blood-vessels is-important, as distinguishing the 
carcinomata from the sarcomata, excepting some alveolar 
sarcomata, and tumours springing from endothelium. 

In addition to the blood-vessels, the carcinomata possess 
also lymphatics. These, as has been shown by MM. 
Cornil and Ranvier, communicate freely with the alveoli. 
This explains the great tendency of cancer to infect the 
lymphatic glands. The characteristic cancer-juice con- 
sists of lymph containing cells scraped or pressed from 
the alveoli. 

DEVELOPMENT.—The question of the genesis of 
carcinoma involves that of the genesis of epithelium 
generally. It is maintained by most histologists that 
epithelium can originaté only from epithelium, and that 
the epiblast and hypoblast are the sources from which all 
epithelium is subsequently derived. Others admit that 
epithelium may originate also from connective tissue. 
A like difference of opinion exists as to the source 
of the epithelioid cells of cancer. By many—as Wal- 
deyer, Thiersch, and Billroth — they are regarded as 
originating only from pre-existing epithelium. Others— 
amongst whom are Virchow, Liicke, Rindfleisch, and Klebs 
—maintain that they may be derived also from cells 
belonging to the connective tissue. It is also believed by 
some—as Koéster—-that many cancers originate from the 
endothelium of the lymphatics—z.e., specialised connec- 
tive-tissue corpuscles. 

Nearly all modern observations tend to support the 
epithelial origin. This renders it impossible for true 
cancer to develop in any mesoblastic structure. Cases 
have been reported of primary cancer in lymphatic 
glands, in bone, in the membranes of the brain, &c. Here, 
either some small primary growth, which gave rise to no 
symptoms, has been overlooked, or some abnormality 
has existed, sech as a detached piece of mamma lying 
near the axillary glands, or foetal inclusion of an 
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epithelial rudiment; or the growth was one of those 
sarcomata which can be distinguished from true cancer 
only by the closest examination, or even by working out 
their development (alveolar sarcomata, cylindromata). 

Epithelial cells are said to occur round a cancer, but 
quite isolated from it, lying in conuective-tissue spaces. 
This isolation is very difficult to prove, and does not 
necessitate the origin of the cells from connective-tissue 
elements. For they may have been carried by the lymph- 
stream, aided by the spontancous movements noted in 
cancer-cells by Carmalt. Often delicate chains of cells 
one to two inches long have been traced between a main 
growth and an apparently isolated nodule; such a chain 
might easily be interrupted. With better appliances, and 
more careful work, the reported cases of primary meso- 
blastic cancer are getting fewer and fewer. 

It is most probable, therefore, that a cancer originates 
either in the growth of a resting embryonic epithelial 
rudiment (Cohnheim), or in the multiplication of some 
epithelial cells. Other conditions being favourable (see 
“ Malignancy ”’) the cells burst through any limiting or 
basement membrane, and grow in among the fibres of 
the connective tissue—naturally in the directions of least 
resistance—z.e., often into lymph-spaces and channels. 
We then have epithelial cells lying actually in the lymph 
current, so glandular infection is easy to explain. Where 
resistance is great the growing cell-columns ure narrow, 
where it 1s slight they widen out. 

The connective-tissue bundles of the part at first alone 
form the stroma, but round-celled infiltration, the result 
of more or less intense inflammation excited by the 
epithelial invasion, soon appears. The round cells pro- 
bably form fibroid tissue which contracts. At first, 
other elements of the part may persist in the stroma 
—e.g., fat-cells in the breast, plain muscle-fibre in’ the 
prostate. 

With this mode of growth, the carcinomata never 
become encapsuled, but gradually infiltrate surrounding 
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structures. This process of infiltration is very character- 
istic, and is more marked in cancer than in any of the 
malignant growths. A zone of small-celled infiltration is 
seen for some distance around the confines of the tumour, 
so that there is no line of demarcation between it and the 
normal structures. (See Fig. 57.) 

SECONDARY CHANGES.—The most important of 
these is fatty degeneration. This always occurs to a 
greater or less extent in all the varictics of carcinoma. 
The more rapid the growth, the earlier does this retro- 
gressive change take place, and the greater is its extent ; 
hence it is usually most marked in encephaloid. It 
produces softening of the growth, which 1s often reduced 
to a pulpy cream-like consistence. IJsmorrhage, pig- 
meutation, mucoid and colloid degeneration may also 
occur, with cyst-formation. Cysts may be due also to 
blocking of ducts—e.y.,in the mammie. Calcification is 
very rarely met with. Formation of an abscess is rare, 
but important. 

VARIETIES.—The most convenient classification, and 
that which is now generally adopted, divides the carcino- 
mata into two chief groups :—acinous cancer and 
epithelial cancer; acinous cancer includes as varieties, 
scirrhus or chronic cancer ; encephaloid or acute cancer; 
and colloid or gelatiniform cancer. Epithelial cancer 
includes squamous and cylindrical-celled epithelioma. 
This division ig based principally upon the relative 
proportion of the stroma to, and upon the type of, the 
epithelial elements. 


SCIRROUS. 


GScirrhus or chronic cancer is characterised by the 
large amount of its stroma and by the chronicity of its 
growth. The slow development of scirrhus probably 
accounts in great measure for the peculiarities in its 
structure and physical characters. 

The epithelial growth, although at first it may be 


192 NUTRITION INCREASED. 


luxuriant, quickly subsides. The elements soon atrophy and 
undergo retrogressive changes. They are most abundant in 
the external portions of the tumour, where growth is 
taking place; in the central portions they may be almost 
entirely wanting. The accompanying figures (Figs. 57 


Fic, 57. 





Scirrhus of the Mamma,—A thin section from the most 
external portion of the tumour, showing the small- 
celled infiltration (* indifferent tissue’) of the muscular 
fibres and adipose tissue in the neighbourhood of the 
gland, x 200. 

and 58) show the appearances presented by scirrhus of 
the mamma in the earlier stages of its development. 
The degeneration of the epithelial elements is probably 


owing to the excessive growth of the stroma, and to the 
Fie. 68. 





Scirrhus of the Mamma.—A_ portion of the tumour 
somewhat internal to that represented in Fig. 67, 
showing the characteristic alveolar structure of the 
cancer, x 200. 

subsequent induration and contraction which it undergoes. 
It quickly assumes the characters of cicatricial tissue, and 


becomes hard and indurated. This causes obstruction 
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and obliteration of the blood-vessels which it contains, and 
it is probably to this interference with the vascular supply 
that the arrest in the development of the cancer is owing. 
The whole of the central portions of the growth may thus 
ultimately consist simply of dense fibroid tissue, amongst 
which are contained atrophied epithclial cells and fatty 
débris (Fig 59), the periphery being the only part where the 
epithelial structure 1s visible. The amount of atrophy 
and contraction varies considerably in different cases. 
The physical characters of scirrhus are in the same way 
due to the abundance of its stroma, The growth is firm 
and hard, and is usually depressed in the centre, owing to 
the contraction of the fibroid tissue and atrophy of cells. 
This is very characteristic of scirrhus of the breast, where 
it causes retraction of the nipple and puckering of the 
superjacent structures. ‘lhe growth is very hard, and 


Fig, 59. 
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Scirrhus of the Mamma.—A section from the more 
ecutral portions of the tumour, showing the atrophy of 
the epithelial cells, the diminution in the size of the 
alveoh, the fibroid tissue, aud the fatty débris. a. ear- 
licr stage; J. more advanced. x 200. 


creaks under the knife. The surface of the section is gene- 
rally cupped, aud of greyish-white, semi-translucent 
appearance (“‘ like an unripe pear’’), more or less mottled 
with dots and streaks of opaque yellow, due to fatty epithe- 
lium in alveoli or milk-ducts. The latter may be cystic. 
The central parts are pale and fibroid ; the more external 
are pink, because contraction has not obliterated the 
vessels, and less firm than the central portions of the 
0 
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growth. They yield, on scraping, a juice which is rich in 
nucleated cells, free nuclei, and granules. 

Scirrhus is most commonly met with in the female 
breast, and in the alimentary canal—especially in the 
cesophagus, pylorus, and rectum. It also occasionally 
occurs in the skin. The secondary oe to which it 
gives rise are often encephaloid. 


ENCEPHALOID CANCER, 


Encephaloid or acute cancer is very closely allied to 
the preceding, from which it differs merely in the greater 
rapidity of its growth, and the consequent small amount 
of its stroma, and the softness of its consistence. Hnce- 
phaloid and scirrhus cannot be regarded as in any way 
constituting distinct varieties of carcinoma. There are 
all intermediate stages between them (scirrho-encephaloid); 


Fic. 60. 





Encephaloid Cancer.—From a secondary cancer of 
the liver, showing the large size of the alveoli and the 
thinness of their walls. In the latter, small cells are 
visible. The large epithelial cells are commencing to 
undergo fatty metamorphosis. x 200. 
and their structural and clinical differences are accounted 
for by differences in rapidity of growth, which probably 
depends upon the vascularity of the part in which they 
are situated. 
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The epithelial growth in encephaloid is rapid and 
abundant; the cells, which may be either larger or smaller 
than those in scirrhus, quickly undergo fatty degenération, 
so that often more free nuclei than cells are visible. 

The proportion of stroma is very small, and, owing to 
the rapidity of its growth, it is much less fibrous than 
that of scirrhus, and does not undergo a similar cicatri- 
cial contraction. (Fig. 60.) The blood-vessels are often 
very abundant, and the tissue supporting them being 
soft and non-resistent, hamorrhage occasionally takes 
place. 

Encephaloid cancer is of a soft brain-like consistence, 
the central portions, where fatty degeneration is most 
advanced, often being completely diffluent. The tumour 
is sometimes more or less lobulated. On section, the 
undegenerate parts are grey, pinkish, soft and translucent, 
whilst the degenerate form a white pulpy mass, much 
resembling brain-substance, which is often irregularly 
stained with extravasated blood. 

Hncephaloid is much less common than scirrhus cancer. 
It is most frequently met with in internal organs as a 
secondary growth. It also sometimes occurs primarily 
in the tcstis and mamma. It may fungate and bleed 
(fungus hematodes). Many growths formerly described 
as encephaloid cancer are soft sarcomata. (See p. 163.) 


COLLOID CANCER. 


Colloid, alveolar, or gelatiniform cancer, though 
sometimes regarded as a distinct variety of cancer, is 
simply one of the preceding forms which has undergone 
a mucoid or colloid change. The frequency with which 
non-cancerous growths which have undergone these forms 
of degeneration have been confounded with colloid cancer, 
has already been alluded to. (See “Colloid Degenera- 
tion.’’) 

The alveolar structure in colloid cancers is very marked. 


The alveoli have very thin walls; they are large, distinct, 
n°? 
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and more or less spherical in shape. This large size and 
distinctness of the alveoli is owing to their distension 
by products of degeneration. These form gelatinous 
colloid material, which is glistening, translucent, colour- 
less, or yellowish, and of the consistence of thin 
mucilage or size-gelatin. In the main it is perfectly 
structureless ; within it, however, are embedded a 
varying number of epithelial cells. (Fig. 61.) These 
cells present a peculiar appearance: they are large 
and spherical in shape, and are distended with drops 


Fig. 61, 
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Colloid Cancer.—Showing the large ‘alveoli, within which is 
contained the gelatinous colloid material, x 300, (Rindfleisch,) 


of the same gelatinous material as that in which 
they are embedded. (See Fig. 61.) Many of them 
display a lamellar surface, their boundary being marked 
by concentric lines. It would appear that the colloid 
change commences in the cells, which become gradually 
destroyed in the process. In other cases the cells, with 
the exception of slight fatty metamorphosis, are but little 
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affected, and the substance distending the alveoli is more 
viscid and mucoid in character. This is duc to a mucoid 
degeneration of the intercellular substance, rather than 
to a colloid change commencing in the cells. (See 
* Mucoil Degeneration.’’) 

Colloid cancer is most frequently met with in the 
stomach, in the intestine, ovary, and in the peritoneum. 
In the latter case it 1s either secondary or the growth isa 
sarcoma. 


EPITHELIOMA, 


Epithelioma, or epithelial cancer, constitutes a 
much more distinct variety of carcinoma than either of 
the preceding; but transitional forms between it and 
scirrhus are occasionally met with. It differs from the 
other varieties of cancer in always growing in connection 
with a cntaneous or mucous surface—the junction of 
the two being a common seat—and in its epithelial 
elements closely resembling the squamous variety of 
epithelium. 

The cells of epithelioma are in the main indistinguish- 
able from those met with 
on the cutaneous surfaces, Pig, 62. 
and on the mucous meni- 
brane of the mouth. They 
vary in size from 33, to 
<aeoth of an inch in diame- 
ter,the average being +},th. 
They contain usually a 
single nucleus ; frequently, 
however, the nuclei are 
multiple. (Hig. 62.) They | 
are often considerably flat- ) 
tened and distorted in 
shape, owing to the pressure 
to which, in their growth, 
they are subjected, but they are not so multiform as in 
the other varieties of carcinoma; nor do they exhibit the 





Cells from an Epithelioma of the 
Lip, =X 280. 
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same marked tendency to fatty degeneration. The 
arrangement of the cells is peculiar: some of them are 
situated in irregular tubular-shaped lobules which com- 
municate with cach other; others are less regularly 
grouped in masses of various sizes amongst the meshes 
of astroma. As the cells increase in number they tend 
to become arranged concentrically in groups, so as to 


Fia. 63. 








Epitheliona of the Lip. —Showing the concentric globes 
of epithclial cells, — x, 100, 


form globular masses. These masses are the “ concen- 
tric globes,’ or “epithelial nests,” which are so com- 
monly met with wherever squamous epithelium is under- 
going rapid growth, and which, though not distinctive or 
essential, are exceedingly characteristic of epithelioma. 
As the epithelium multiplies, the peripheral layers of 
cells become flattened by pressure against the surround- 
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ing structures, whilst those in the centre remain more or 
less spherical in shape, like those in the deeper layers of 
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Epithelioma of the Tonguc.—A. thin vertical section, showin 
the excessive epithelial growth upon the surface of the papilla, 
and the extension of the epithelial elements into the subjacent 
connective tissue. The sub-epithchial tissue is infiltrated with 
small (‘ indifferent”) cells, amongst which are seen tho 


epithelial elements both single and forming coucentric globes. 
x 100, 
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the epidermis (Fig. 63.) The cells may be so’ closely 
packed as ultimately to become hard and dry like those of 
the nails and hair, and the globes are then of a brownish- 
yellow colour, and of a firm consistence. The globes are 
often large enough to be readily visible to the naked eye, 
and, owing to the onion-like arrangement of the epidermic 
scales, they usually present a fibrous appearance. 

The stroma presents every variation between rapidly 
growing embryonic and an incompletely fibrillated tissue. 
It may be tolerably abundant, or almost entircly wanting. 
It rarely forms such a marked alveolar structure as that 
which characterises the other varietics of carcinoma, and 
usually consists simply of a small-celled infiltration sur- 
rounding the epithelial elements, which may ultimately 
become developed into amore or less completely fibrillated 
tissue. (Fig. 64.) 

The development of epithelioma takes place by down- 
growth of the surface-epithclium of skin or certain mucous 
membranes into the connective tissue and deeper parts, 
just as is described on p. 190. Varieties which' do not 
show epithelial evolution, especially the small-celled 
* rodent ulcer,” are believed to arise trom sebaceous glands 
and hair follicles. (Fig. 64.) 

Epithelioma usually presents itsclf in the first place 
either as a small hard ulcer, as an indurated fissure, or as 
a subcutaneous induration or nodule, which subsequently 
ulcerates. ‘The surface of the ulcer is irregular, and may 
be sloughy ; often it isclean, and covered by large firm, 
bluish-red granulations, consisting largely of epithelium ; 
more rarely the surface is markedly warty. The tumour 
itself is firm in consistence, often more or less friable, and 
on section presents a greyish-white granular surface, 
sometimes intersected with lines of fibrous tissue. The 
cut surface yields on pressure a small quantity of turbid 
liquid, and in many cases also a peculiar, thick, crumbling, 
curdy material can be expressed, which often comes out 
in a worm-like shape, like sebaceous matter from the 
lands of the skin. This latter is very characteristic. It 
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is composed of fatty epithelial scales, and on being mixed 
with water it does not diffuse like the juice of other cancers, 
but separates into minute visible particles. If it is very 
abundant, the cancer is soft and friable, and the material 
can be seen on the cut surface as small scattered opaque 
dots. 

Irritation has more to do with the causation of 
epitheliomata than of other kinds of cancer. Some, as 
sweep’s cancer of the scrotum from soot, and epithelioma 
of the arm of workers with tar or paraffin, appear to be due 
simply to irritation in people the physiological resistance 
of whose connective tissue is sufficiently diminished by 
the irritation or otherwise to permit invasion. Other 
epitheliomata occur at those spots at which, the process 
of development being complicated, errors are likely to 
occur; resulting, as Cohnhecim supposes, in the formation 
of arresting, embryonic rudiment. Such spots are, the 
lower lip, tongue, ala nasi, eyelid, cervix uteri, gullet 
where crossed by bronchus, &c. (see p. 180). Many of 
these are points exposed to irritation. It usually infects 
the lymphatic glands, but rarely occurs in internal organs. 

Cylindrical Epithelioma,or Adenoid Cancer.— These 
terms are applied to those forms of epithelial cancer which 
grow from mucous membranes with columnar (cylindrical) 
epithelium, as from those of the stomach and intestines, 
and especially the rectum and uterus, In these tumours the 
epithelial clemeuts are similar to those of the mucous 
membrane from which they grow. They are cylindrical 
in shape, and are arranged perpendicularly to the walls of 
the alveoli in a manner precisely analogous to that of the 
columnar epithelium on the mucous surface. (Fig. 65.) 
The slower the growth, the more typical the gland forma- 
tion; in rapid growths, and recurrences, the cells are 
small, the lumina imperfect. The latter may be filled up, 
and the growth be indistinguishable from glandular cancer, 
except by its edge. The growths arc of a soft, and often 
gelatinous consistence; they tend strongly to undergo 
colloid degeneration. These tumours cause secondary 
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growths in the lymphatic glands, and sometimes in the 
liver, lungs, and bones, which possess the same characters 
as the primary cancer. The distinction between them and 
simple adenomata depends upon the invasiun of tissue by 
the cancers. 


Fig. 65. 





Cylindrical Epithelioma.—From the colon. — x 200, 
reduced 4. 


CLINICAL CHARACTERS OF THE CARCINO- 
MATA.—In speaking of the clinical characters of the 
cancers, it 1s important in the first place to make a dis- 
tinction between epithelioma and the other varieties. 
Epithelioma, so far as its malignancy is concerned, occu- 
pies a very inferior position to scirrhus, encephaloid, and 
colloid. These latter varieties of carcinoma ae in the 
highest degree malignant properties. They extend locally, 
invading indiscriminately the tissues amongst which they 
grow, and reproduce themselves i the lymphatic glands 
and ininternal organs. In the process of dissemination, 
however, they present some peculiarities which distinguish 
them from growths which are sometimes equally malig- 
nant—viz., the sarcomata. The carcinomata are charac- 
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terised by their great tendency to reproduce themselves 
in the neighbouring lymphatic glands. ‘This implication 
of the lymphatics is usually much more marked than in 
the sarcomata, in which it occurs only in certain situa- 
tions (p. 169),and is probably owing to the communication 
of the lymphatic vessels with the alveolar spaces of the 
cancerous growth. The general dissemination in internal 
organs, on the other hand, is often effected much less 
readily in carcinoma than in sarcoma, and the course of 
the former is therefore sometimes more protracted than 
that of the latter. This difference is explained by the 
difference in the distribution of the blood-vessels :—in 
carcinoma, these are contained in the stroma, and very 
rarely come into contact with the cells of the growth ; 
whereas in the surcomata, they ramify amongst the cells, 
and their walls being composed of thm embryonic tissue 
hike that of the growth which they supply, dissemination 
through the medium of the blood is rapidly and readily 
effected. In carcinoma, the lymph being go important a 
medium of infection, the reproduction of the growths in 
internal organs may be considerably delayed. The progress 
of the disease becomes arrested by the lymphatic glands, 
and its further dissemination is often effected only alter 
these have become very generally and extensively in- 
volved. 

With regard to the difference in the clinical characters 
of these three varicties of carcinoma—the dissemination 
of encephaloid takes place much more rapidly than that 
of scirrhus, owing to the greater rapidity of its growth, 
its greater vascularity, and the greater activity of its 
epithelial elements. Colloid is somewhat inferior in the 
degree of its malignancy to both scirrhus and encephaloid. 

Epithclioma is of all cancers much the least malig- 
nant. Its malignancy varies curiously with its seat; thus, 
on the skin of the face epithelioma has generally a very 
chronic course, and rarely affects even the glands; on the 
tongue, its course is often so rapid, affection of the glands 
so early, and cachexia and death so speedy, that it must 
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be ranked among the most fatal of tumours. It extends 
locally, and often infects the neighbouring lymphatics, 
but it comparatively rarely reproduces itself in internal 
organs. This is probably owing to the size and character 
of its epithelial elements, which render them much less 
hable to be transmitted by the blood and lymph-streams 
than are the cells of the other varieties of cancer. 

In all the varicties of carcinoma there is 2 tendency for 
the secondary growths to repeat the peculiarities of the 
primary one. ‘This is most marked in epithelioma. In 
scirrhus, the secondary growths in internal organs, 
although sometimes resembling the primary tumour, are 
often more rapidly developed, are softer and more vascular, 
and in accordance with the distinction which has been 
made between scirrhus and encephaloid, they must be 
regarded as belonging to the latter variety of cancer. 


THE TERATOMATA. 


These tumours can only be mentioned. They are con- 
genital and occur chiefly in the sacral region (coccygeal 
tumours), the head and neck—points at which double 
monsters are united; but they may be internal. Many 
of them are due to the inclusion and imperfect develop- 
ment of one foetus within another; others to abnormal 
development of the tissues of one foetus. They are most 
complex, and may contain all the tissues of the body up to 
ganglion cells, more or less confusedly mixed. ‘They may 
be very large at birth, or may not attract notice till later. 
Dermoid cysts belong to this group. 
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CHAPTER XXITI. 
CYSTS. 


In addition to the new growths already described, there 
is a large class of formations, many of which cannot be 
regarded as “tumours” in the strict application of this 
term. These are the cysts, or cystic tumours. 

A eyst is a cavity containing liquid or pultaceous 
material, which is separated from the surrounding 
structures by a more or less distinct capsule. It may be 
a new formation, or a pre-existing structure which has 
become distended by its own secretion, or by extravasation 
into it. The former only comes within the category of 
new growths; but, for the sake of convenience, it will be 
advisable to consider them both under one head. 

There are thus two principal modes by which cysts 
originate—one, the most frequent, by the gradual accumu- 
lation within the cavities of pre-existing structures, of 
substances which are, for the most part, products of 
their own formation—being in some cases a secretion, 
and in others a cell-growth; the other, by the independent 
formation of a cyst in the tissues. 

The accumulation of secretions and of other 
products within pre-existing cavities, may be effected 
in the three following ways :— 

1st. By the retention of the normal secretion owing 
to the closure of the excretory ducts—as so often occurs 
in sebaceous glands. 

2nd. By excessive secretion, the cavity bemg unpro- 
vided with an excretory duct—as in the distension of 
burse. . 

3rd. By the extravasation of blood into the cavity— 
as in hematocele. 

The independent formation of a cyst may take 
place :— 

Ist. By the softening and liquefaction of the tissues 
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in some particular part, owing to mucoid or fatty changes. 
The tissues around the softened matters become condensed, 
and ultimately form a kind of cyst-wall. 

2nd. By the collection of fluid in certain spaces of 
connective tissue, and their subsequent enlargement and 
fusion. The surrounding tissue becomes condensed, and 
forms a cyst-wall; and this may in some cases become 
lined with flattened connective-tissue cells (endothelium). 

ord. By the formation of a cyst-wall around foreign 
bodies, parasites, or extravasated blood. 

STRUCTURE.—The wall of the cyst will vary in its 
nature according as it is that of a pre-existing or a 
newly formed cavity. Jn the former case, it will possess 
an epithelial lining which will present the same characters 
as that of the gland, serous membrane, or other structure 
from which the cyst originated. If the cyst is of 
independent formation, there is no endothelial lining to 
the fibrous capsule; but one may develop later, as in 
false bursa. The cyst-wall is sometimes firmly connected 
with the adjacent parts, so that it can only with difficulty 
be separated; in other cases the union is much less 
intimate. Instead of being a distinct structure, it may 
be simply the surrounding tissue which has become dense 
and fibrous in character. 

The contents of cysts are very various, and may serve 
as a basis for their classification. In the retention-cysts, 
they will vary with the nature of the normal secretion— 
serum, sebaceous matter, saliva, milk, seminal fluid, and 
other substances are thus found in these cysts, more or 
less altered in character from being retained in a closed 
cavity. In the exudation-cysts, serum is the most 
frequent constituent; and in extravasation-cysts, blood. 
In those cysts which originate from the softening and 
breaking down of tissue, the contents are the products of 
retrogressive tissue-metamorphosis, and usually consist 
largely of mucin, fatty matters, and serum. 

SECONDARY CHANGES.—These may take place in 
the wall of the cyst or in its contents. The cyst-wall] 
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itself may become the seat of new growths, and produce 
secondary cysts, villous, glandular, and other structures :-— 
this occurs in many compound ovarian cysts. It may 
also be the seat of an inflammatory process, which ter- 
minates in suppuration and granulation, and by this 
means the cyst frequently becomes obliterated, its con- 
tents being either absorbed or discharged externally, and 
the cavity closing by granulation. Calcification and 
ossification of the wall may also occur. The contents of 
cysts undergo various changes, owing to their retention 
in a closed cavity. The secretions become altered in 
character, thickened, and viscid. Epithelal elements 
undergo fatty changes, and so give rise to cholesterin 
crystals. Calcification of the contents is also common. 

Cysts may be simple or compound. A simple cyst 
consists of a single loculus. A compound or multilocular 
cyst is one consisting of numerous loculi, which either 
communicate with one another or remain isolated. 
Another variety of compound cyst consists of a cyst with 
endogenous growths, the larger cyst having others grow- 
ing in its walls. .A compound cyst may become a simple 
one by the destruction of its walls. 

Cysts are frequently associated with other growths, 
hence the terms—“ cystic-sarcoma,” “ cystic-cancer,” &c. 
It is especially in those growths which originate in 
glandular structures, as in the mamma, testicle, and 
ovary, that this combination is met with. The cystic 
development may almost entirely obliterate the structure 
of the tumour in which it takes place, so that ultimately 
the latter becomes converted into a combination of cysts. 
In other cases large papillary masses of the tumour grow 
into the cystic cavities. Considerable difficulty is thus 
not unfrequently caused in determining the nature of the 
original growth. 

CLASSIFICATION.—Cysts may be most conveniently 
classified according to their mode of origin, thus :— 
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CLASSIFICATION OF Cys's. 


I. Cysts formed by the accumulation of substances 
within the cavities of pre-cuisting structures. 

A. Retention Cysts. — Cysts resulting from the 
retention of normal secretions, ‘hese include— 

a. Sebaceous Cysts —These are formed by the’ 
retention of secretions in the sebaceous 
glands. 

8. Mucous Cysts.—These are formed by the re- 
tention of secretions in the glands of mucous 
membranes. 

y. Cysts from the retention of secretions in other 
parts, including—Ranula, when due to oc- 
clusion of the salivary ducts; Encysted 
Hydrocele, from occlusion of the tubuli 
testis; cysts in the mammary gland, from 
obstruction of the lacteal ducts; simple and 
some compound cysts of the ovary, from dila- 
tation of the Graafian follicles ; and simple 
cysts of the liver and kidneys. 

B. Exupation Cysts. — Cysts resulting from ex- 
cessive secretion in cavities unprovided with 
an excretory duct. These include Bursa, 
Ganglia, Hydroceles, Meningoceles, Cystic 
Bronchocele, and many cysts in the broad 
ligament. 

C. Exrravasation Cysts. — Cysts resulting from 
extravasation into closed cavities. These in- 
clude Hematocele, and some other forms of 
sanguineous cysts. 


IL. Cysts of independent origin. 

A. Cysts From Sortentnc or Tissurs.—These are 
especially common in new formations, as in 
chondroma, lipoma, sarcoma, &c. 

B. Cysts rrom Extravasation 1nto Soxip Tissuzs 
—e.g., brain, soft new-growths. 
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C. Oysts rrom Expansion anp Fusion or Spaces IN 
ConneECcTIVE TissuE.—These include— 

a. Bure, originating from irritation and exuda- 
tion into the tissues. 

B. Serous cysts in the neck, hygroma (often 
congenital). 

y. Many compound ovarian cysts. 

D. Cysts FrormMED AROUND ForeIGN Boviss, Ex- 
TRAVASATED Buoop, AND PARASITES. 

EK. ConcenitaiCysts.-~Theseinclude many Dermoid 
eysts. These appear often to be the remains 
of blighted ova. Their wall has more or less 
perfectly the structure of skin; they contain 
fatty matters, hair, tecth, bones, &c, 


CHAPTER XXIV. 


CHANGES IN THE BLOOD AND CIRCULATION. 


TuE vascular system is a closed system of tubes, capa- 
ble of varying in capacity, and having inserted at one 
point a muscular organ, so constructed that it can receive 
on one side venous blood at a minus pressure, and. send 
out on the other arterial’ blood with force sufficient to 
carry it right through the systemic or pulmonary circu- 
lation. The heart-force is aided by the pressure of con- 
tracting muscles upon valved veins, and by thoracic aspi- 
ration. Hach time an artery branches, the sectional area 
of the arterial system 1s increased ; so also is its extent of 
surface. But, in both these respects, by far the greatest 
increase takes placo in the region of arterioles and capil- 
laries. Increase.of surface means increase of friction, and 
enlargement of the area upon which a given force has to 
act, must also diminish the effect of that force. Conse- 
P 
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quently, the blood-stream becomes suddenly slowed in 
the arterioles and capillaries. The arterioles vary in dia- 
meter much more than do larger arterids, for they 
contain proportionately much more muscle. The resist- 
ance in the arterioles, therefore, varies enormously under 
diverse influences ; but the diameters of capillaries seem 
to change only in reponse to variations m pressure. 
The sectional area of the venous system, on the other 
hand, diminishes from the. capillaries to the heart, and'the 
rate of flow increases proportionately as the region in 
which thoracic aspiration acts 1s approached. 

Gravity must not be regarded as in any way 4 cause of 
circulation ; what the blood loses or gains on its way from 
the heart will be exactly balanced during its return to the 
heart. But though gravity has nothing to do with the 
driving force, it increases the pressure in vessels. This is 
best shown by a U-tube :—the pressure varies directly as 
the height of the columns in the limbs, but no movement 
occurs unless a driving force is added. 

The quantity of blood in the body may be regarded as 
constant in normal states. 

Circulatory disturbances may be produced in many 
ways. The heart may act so feebly or be so damaged 
structurally (valve-disease), that too little blood enters 
the arteries at each stroke, and generally at a pressure 
less than normal. Asa result the arterial supply of all 
parts is diminished, blood lags in the veins, and a less 
quantity than normal enters the heart during each 
diastole. More rarely, the heart may act so forcibly as to 
rupture delicate or diseased vessels. 

Supposing the heart to act normally, it is obvious that, 
with a constant blood-mass,.the total capacity of the vas- 
cular system must be kept within certain limits. It may 
easily dilate so as to contain all the blood (the abdominal 
veins alone would do this after section of the splanchnics), 
when the heart would receive none, and circulation would 
cease. Or, the arterioles may contract, so as to more or 
less completely stop circulation and drive all the blood into 
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the veins. Between these extremes there is a state of the 
vascular system, corresponding to any given heart-force, 
which is most favourable for the circulation: this is nor- 
mal tonus. Itis the province of the vaso-motor system to 
maintain this relation between heart and vessels. En- 
largement of the vascular system, whether due to general 
or local diminution of vascular tonus, slows the circula- 
tion ; diminution of the capacity of the system, in mode- 
ration, quickens it. In cases of local increase of tonus 
the blood which the more or less anwmic part should 
contain is thrown into the system at large, and raises 
the blood-pressure until the vaso-motor system causes 
other vessels to dilate compensatorily, so as to receive 
both their own blood and that of the contracted vascular 
area. Darts supplied by vessels so dilated are said to be 
in a state of ‘collateral hyperswmia.”’ If, on the other 
hand, a vascular area dilates, the vaso-motor system 
generally causes other areze to contract, so as to preserve 
the capacity of the vessels about the same, and thus keep 
_up the pressure--that is to say, other parts become 
ansemic to provide the hyperwmic one with blood. This 
state might be called “‘ collateral answmia.” 


LOCAL ANJZEMIA. 


Local ansemia, or ischaemia, is diminution of blood in 
a part owing to diminished arterial supply. It may be 
partial or complete. 

CAUSES.—The causes of diminished arterial suppiy 
to a part are all those conditions which either narrow or 
completely close the lumen of the supplying artery. The 
lumen of an artery may be diminished by disease of its 
walls—atheroma, calcification, or syphilitic thickening; 
or by pressure exercised upon it from without, as by new 
growths, stricturing scars, inflammatory exudations and 


mechanical effusions, especially in unyielding tissues, as 
P 2 


912 CHANGES IN THE BLOOD AND CIRCULATION. 


bones or tendon-sheaths. Complete closure of the vessel 
may result from some of the foregoing conditions, or, 
more commonly, from thrombosis, embolism, or ligature. 
In some cases the supply of blood is diminished by an 
Increase in the natural resistance from irritation of the 
vaso-motor nerve. This occurs as the result of a low 
temperature, in some neuralgic and other nervous affec- 
tions, and from the action of certain substances, such as 
ergot of rye, opium, &. Anzemia may occur also from 
hyperemia of other parts—e.g., of the brain and skin, in 
congestion of the abdominal viscera ; and from the presence 
of too little blood in the system, as after haemorrhage, 
when the distal parts suffer most. 

RESULTS.—A part with diminished arterial supply is 
usually paler, less tense, and of a lower temperature than 
natural. Its nutrition and function also are impaired, so 
that it may undergo fatty degeneration, atrophy, or die. 
These results were exemplified in the chapters on Atrophy, 
Yatty Degeneration, and Necrosis. 

Obstruction of a large artery causes rise of pressure 
everywhere except in its own area; and this increased arte- 
rial pressure continues, endangering the safety of delicate 
or diseased vessels, until the extra blood thrown into the 
now curtailed arterial system is accommodated insome way. 
This is effected generally by compensatory dilatation of 
other vessels going to thé anwmic part and anastomosing 
with branches of the obstructed vessel, partly by the 
increased arterial pressure which acts on all arteries 
alike, but chiefly by some obscure vaso-motor mechanism 
excited, probably, by the anwmia. ‘These “ collateral’ 
vessels become larger, longer (tortuous) and _ thicker, 
until the circulation in the part has again become normal 
—12,¢., collateral circulation is established. At first proba- 
bly all vessels having anastomoses with the obstructed one, 
dilate ; but those which enlarge permanently are almost 
invariably branches on the same side as the obstruction— 
e.g., right inferior thyroid and vertebral after ligature of 
right carotid. The primary anemia, the blush and height- 
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ened temperature of vascular dilatation, and return to the 
normal, can be seen in limbs after ligature of main vessels. 

In certain organs, however, there is either but one 
supplying artery, or others entering it are insignificant ; 
further, in the spleen, kidneys, lungs, brain, and retina 
the branches of the main vessels communicate only by 
capillaries—such arteries are called terminal by Cohn- 
heim. Here no collateral circulation can be established, 
and obstruction is necessarily followed by the gravest 
nutritive disturbance. The first effect of the plugging of 
such an artcry is the stoppage of all supply through it; the 
arterioles empty themselves by contracting and pressure 
in them is reduced to nil; venous pressure, though low, 
is in excess of this, and blood regurgitates from the veins 
to fill the capillaries and artcrioles beyond the stoppage— 
ag may be seen with the microscope in a frog’s tongue, of 
which one lingual artery has been tied. The arteries 
round about the area dilate, and their capillaries become 
full of blood ; but even now the force of the stream in the 
latter is sufficient to overcome the resistance in only a 
few of the outlying capillaries of the obstructed area, 
Consequently we should find such an area dark from 
containing stagnant venous blood, but surrounded by a 
ring of arterial redness. 

The changes which result from deprivation of arterial 
blood have been studied experimentally by Cohnheim. If 
the ear of a rabbit be ligatured at its root, and the liga- 
ture, after remaining on for from eight to ten hours, be 
removed and the blood again allowed to circulate, the 
organ becomes exceedingly vascular, red, swollen, and 
cedematous ; and when examined microscopically the ves- 
sels are found to be dilated, and numerous white blood- 
corpuscles to have escaped from them into the surrounding 
tissue. The more prolonged the anwmia, the moreabundant 
is the infiltration with leucocytes; and when the obstruc- 
tion has lasted twenty-four hours small extravasations of 
red corpuscles also occur. Ifthe hgature remain on for 
forty-eight hours the ear dies. From these observations 
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Cohnheim concludes—that when blood-vessels with their 
vase vasorum are deprived of circulating blood for a suffi- 
cient length of time they lose their power of retaining the 
blood, and allow, first the liquor sanguinis and leucocytes, 
then red corpuscles, to escape from them, thé escape 
taking place only through the capillaries and veins. The 
whole process can be watched in the tongue of a frog to 
the base of which a ligature has been applied. For the 
walls of blood-vessels to be thus altered, interference with 
the cixculation must be very complete—a very little vas- 
cular supply serves to prevent the above phenomena ; but 
imperfect nutrition is a step towards death, and must 
render tissues less resistant to injury—a wide-reach- 
ing fact, which must always be borne in mind. These 
observations explain all changes, from codema to gangrene, 
which may follow ligature of the main artery of a limb, 
especially the femoral. 

To return to the blocked 
terminal artery. When circu- 
lation is arrested in its area 
and the vessels are choked 
with regurgitant venous 
blood, the above changes from 
mal-nutrition soon set in :— 
fluid, and then corpuscles, 
pass out into the tissues with- 
out any rupture of the vessel, 
The tissues become crammed 
with red corpuscles; and from 
the mode of distribution of the 
vessels (Fig. 66), the part thus 
affected is generally wedge- 

Diagram of a Hemorrhagic Bhaped on section, and the 
er tiatt hs Tremted_ base of the wedge Ties on the 
with a secoudary thrombus (th). surface of the organ. The 
1, Centro of infarct which is be- base is slightly raised above 


coming disintegrated, 2, Arca of 
extravasation. 3, Arenof col. tle general surface and sur- 


lateral hypereamia. (O. Weber), rounded by a ring of arterial 
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redness, whilst the section shows the infaret to have a 
black-red colour, like damson-cheese. (lor later changes, 
see p. 247.) 

By far the commonest cause of infarction is embolism 
{p. 241). A very important point is that all vessels do 
not resist equally the effects of anamia—those of skin 
and muscle being most resistent; those of brain and 
‘intestine least. Strangulated gut is like a tied-off ear, 
but itdies much sooner. This power of resistance varies 
in individuals.* 


* Litten (‘‘ Unters. ti. d. hamorrhag. Infarct, &c.:” Deutsche 
Zeitschr, fur Klin, Med.,- Band i, Heft 1) disputes the truth of 
Cohnheim’s explanation of the whole process of infarction. The 
infarction of the kidney which follows ligature of the renal artery 
is not duc to regurgitation from the renal vein, for it is even more 
intense when the renal vein also is tied. The kidney then swells 
greatly, becoming first congested, then infarcted. The congestion 
begins in the subcapsular zone of the cortex, and at the bases of 
the pyramids where the pelvis is atrached, and it is due to the con- 
tinued supply of the organ by small arteries (now much dilated) 
which spring from the lumbar, supra-renal and phrenic (Ludwig), 
and pierce the capsule, and to others from the spermatic which run 
up along the ureter, If the renal vein is left open, the kidney 
swells more slowly, because some of the blood entering from these 
arteries escapes by the vein ; the stream is therefore away from, not 
towards, the kidney. But the most perfect proof that the infarction 
is due to supply through these arteries, and not to venous reflux is 
afforded by this experiment: the renal artery is rendered truly 
‘* terminal” by shelling the kidney out of its bed of fat, and the 
artery is.then tied, Itegurgitation should now occur from the open 
vein, but, as a rule, it fails to do so. A slight congestion of the 
organ sometimes occurs, but the pland remains much lighter and 
smaller than its fellow, of which the renal artery only has becn tied, 
and never becomes the seat of hamorrhage per diapedesin. It would 
secin, therefore, that in many cases the pressure in the renal vein 
is not sufficient to overcome the resistance of the capillaries and to 
produce an iujoction of them with blood, when the main artery and 
its small collaterals are tied ; much less would it do so when the 
latter aro pumping blood in beneath the clastic capsule, and thus 
increasing the intra-capsular pressure. If by coughing, vomiting, 
&c., the pressure in the renal vein is raised, infarction is more 
likely to occur ; and it is produced in its severest form by clamping 
the vena cava inferior above the entry of the renal vein. These 
observations were cxtended with simular results to the spleen and 
lung. 

When a truly “ terminal” artery is blocked, no infarction occurs 
in the great majorit¥ of cases ; its area remuins pale and anemic, and 
microscopic examination reveals no trace of red corpuscles, This 
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HYPERAMIA. 


Hypersmia, or congestion, is excess of blood in the 
more or less dilated vessels of apart. It may be active or 
arterial and mechanical or venous. These two varietics 
must be considered separately. 


’ 


ACTIVE OR ARTERIAL HYPERAMIA. 


Active hyperamia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the: 


flow. 
CAUSES.—The immediate cause of active hyperemia 


is in all cases diminished arterial resistance. 

Diminished arterial resistance may be produced patho- 
logically :— 

lst. By certain agencies which have a weakening 
or paralysing effect upon the involuntary muscle of 
vessel-walls. fatigue from previous prolonged contrac- 
tion has this effect, as seen in the hyperemia of the hands 
which follows snowballing. Warmth, too, is generally 
placed under this heading. Injuries of all kinds, when 
not acting suddenly and with extreme severity, pro- 
duce a reflex hyperwmia by their influence on sengory 
nerves before the true inflammatory dilatation sets 


is » en in cases of embolism of the cerebral artcrics (white softening) 
and of ithe central artery of the retina. 

When an artery becomes blocked in e part’ (e.g. limb), of which 
the veins are valved, no reflux can occur; but infarction may. It 
is rare, because such parts have a rich arterial supply, but it may 
follow blocking of the main artery, , 

Litten agrees with Cohnheim that the red corpuscles escape by 
diapedesis, but simply on account of the stretching of the capillaries 
and small veins by the mechanical congestion. It begins almost. 
at once after the application of tho ligature, before anamina has had 
time to effect any marked change ; and no escape occurs 1n @ 
kidney shelled from its capsule if # ligature on the renal artery be 
cut after three or four hours. : 

Further observations must decide between these two views. With 
regard to venous reflux, it is hard to believe that Cohnheim was 
mistaken when he said that he saw half of a tongue, of which the 
artery was tied, fill from the vein. Perhaps the resistance offered by 
the capillaries of the tongue is less than that of the kidncy vessels. 
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in. This must be included in the next group of cases. 
But the dilatation characteristic of inflammation is due to 
direct damage of the vessel-wall, and therefore falls under 
this heading; and when it is more than sufficient to 
counterbalance the increased’ resistance which always 
accompanies it (see “ Inflammation”), the quantity of blood 
passing through the part will be greater than normal—.e., 
the part is hyperemic. The sudden removal of pressure is 
another cause of hyperwmia, proved by the congestion of 
the abdominal vessels-which results on the removal of 
much ascitic fluid, or of a large ovarian tumour; by the 
bleeding which occurs when a pleura is more or less 
completely emptied by aspiration or strong syphon-action ; 
‘and by the hemorrhage which often follows the complete 
emptying of a chronically distended bladder. The muscle 
of the vessels, accustomed to much support, has lost 
power, so, when the support. is suddenly removed, the 
vessels dilate fully, and small ones perhaps rupture. 

2nd. By the removal of the vaso-tenic action of the 
sympathetic, either directly or reflexly —i.c., by inhibi- 
tion. Hxamples of the direct process are :—the active con- 
gestion which follows pressure upon thesympathetic—as in 
the neck, by an aneurism—or section of vaso-motor nerves 
in any part of their course, from the centre in the medulla, 
down the cord, into spinal nerves or sympathetic 
plexuses. Thus, unilateral congestion results from dis- 
eases and experimental sections of half the spinal cord. 
Certain drugs, taken internally, are believed to tempo- 
rarily and directly paralyse the vaso-tonic nerves—e.g,, 
nitrite of amyl, alcohol, tobacco. : 

The reflex process is generally due to stimulation of 
sensory nerves, the diminution in tonus thus produced 
being more or less accurately confined to the region sup- 
plied by the nerve. Friction and slight irritants in 
the early stages of their action produce hyperemia in 
this way (see above). It seems that vascular dilatation 
of deep organs may be produced refiexly ne the application 
of stupes to the skin over them. 
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Ansmia of any large part—as of a limb compressed by 
Esmarch’s bandage, or of the skin from cold—necessarily 
causes hyperwmia of other parts—collateral hypereemia. 
But all parts do not suffer equally, as they would were 
the hyperwmia the result simply of increased arterial 
pressure ; certain vessels, as the great abdominal veins, 
dilate, showing that the vaso-motor system arranges for 
the accommodation of the surplus blood by producing 
local diminutions of vascular resistance. After extirpa- 
tion of one kidney, its share of blood passes mainly to the 
other. 

3rd. By excitation of vaso-dilator nerves, such as 
the chorda tympani. Nothing is certainly known of this 
as a cause of hypersemia; but the hyperemia associated 
with tacial neuralgia, and that of the thyroid im ex- 
ophthalmic goitre, have been referred to vaso-dilator 
neuroses, and also to inhibition of vaso-tonic nerves. 

RESULTS.—The results of active hyperemia are 
principally such as might be expected to follow from an 
increase in the amount of the arterial blood, and in the 
rapidity of its flow, in any particular organ or tissue. 
The symptoms in a superficial part are :—incrcased redness 
and pulsation, a sensation of throbbing being often experi- 
enced Ly the patient ; some increase in bulk ; marked eleva- 
tion of temperature, sometimes as much as 3° Cent. If 
the hyperazmia be of long duration, or frequently repeated, 
the small arteries become permanently enlarged, their 
walls gradually thicken, and the epithelium and con- 
nective tissues of the part increase ; as may be scen in the 
papillary thickening round a callous ulcer of the leg, and 
the occasional spread of ossification into the granulation- 
tissue from the tibia. Hypertrophy of other tissues is 
also a frequent result if they be called upon to functionate. 
(See “‘ Hypertrophy.”) Function is increased, except in 
organs, as the submaxillary gland, which functionate 
only in response to nervous stimulation, Thus, in hyper- 
semia of the nervous centres, we see great excitability, 
pareesthesiz of sight and hearing, convulsions, &. In 


MECHANICAL OR VENOUS HYPER MIA. 


In venous hyperemia, the excess of blood is in the veins 
and capillaries, and the flow, instead of being accelerated, 
‘s retarded. This is so frequently produced by some 
obvious mechanical obstacle to the return of blood 
through the veins, that it is often calied mechanical 
hyperemia. The congestion of a finger, produced by 4 
moderately tight band round it, may be taken as the type 
of such cases. 

causes.—Anything which weakens the forces which 
carry on the venous circulation, or which opposes unusual 
resistance to this circulation—anything which lowers the 
blood-pressure and slows the stream—must tend to pro- 
duce venous hyperemia. It is evident from the preceding 
general remarks that such causes may exist in any part of 
the vascular system—heart, arteries, capillaries, or veins ; 
some having a local, others a general, effect. They may 
be ranged under two headings—(1) those which diminish 
vis a tergo, or force with which the blood should be driven 
through the veins; and (2) those which directly impede 
the return of blood by the veins. 

1. Diminished cardiac power is chief in the first group, 
and one of the most important causes of mechanical 
hyperemia. The motor power of the heart becomes 
Impaired in many of the chronic exhausting diseases, also 
in the acute febrile diseases, ay in typhus and typhoid 
fever, and in those degenerations of its structure which 
lead to dilatation of its cuvities. In whichever of these 
ways the vis a tergo is diminished, that diminished 
fulness of the arteries and over-fulness of the veins, 
which is so familiar clinically as the result of cardiac 
failure, will be produced. If this condition be of long 
duration, there is necessarily so much interference with 
the oxygenation of the blood, with the functions of the 
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blood-forming organs, and with the processes of digestion 
and assimilation, that the blood itself becomes deteriorated, 
and thus by its lagging in every tissue, nutrition in 
general suffers. 

In the arteries the driving force may be weakened by 
obstruction, total or partial, of an arterial trunk from any 
cause, or by uncompensated dilatation (p. 211), which is 
likely to arisc from simple atony, or from those fatty, 
atheromatous, or fibroid changes of the arterial wall, so 
common in advanced life. 

Obstruction to the circulation in capillaries arises 
mainly from pressure of inflammatory effusions, dropsy, 
&c., on capillary areas. 

With regard to the veins :—absence of muscular con- 
tractién, especially in the lower extremity, or such 
dilatation as produces incompetence of valves, and thus 
renders muscular action useless as an aid to circulation, 
is an important auxiliary. So, too, is anything which 
diminishes the elastic force with which the lung tends to 
draw away from the pleural-wall, and thus lessens 
thoracic aspiration. Forcible expiration will replace the 
normal minus-pressure within the thorax by a plus- 
pressure, and thus playing wind instruments impedes 
entry of blood from veins mto the heart. Emphysema, 
effusion of air or fluid into the pleure, and large new 
growths of the lung, act similarly. 

When, by the above conditions, variously combined, the 
circulation is much retarded, hypostatic congestions 
of the posterior edges and bases of the lungs, of the skin 
over the sacrum, and of other parts kept constantly 
dependent, occur. Slowing of the circulation causes the 
ves of distant parts to become especially full. If such: 
a part be also dependent, the pressure (not the driving- 
force) in its vessels is increased by gravity in proportion 
to the vertical distance from the highest point of the body, 
in any given position, to the part in question (p. 210); 
and if the patient is so weak as to be unable to change 
his position, this high pressure is constantly maintained— ° 
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dilating veins and capillaries more or less fully, and 
greatly increasing tle tendency to leakage through the 
mal-nourished vessels. Thus the part is redder than . 
normal, and cedematous; also softer. The base of the 
lung seems but a short way from the heart; itis, however, 
the point in the pulmonary circulation furthest from the 
right ventricle, which is weaker than the left in propor- 
tion as the resistance which it has to overcome is less. 
Moreover, in bedridden patients breathing is often very 
shallow, and the effect of expiration in driving blood 
on to the left auricle is much diminished (see ‘* Hypo- 
static Pneumonia.”) That dropsy from hydremia or 
heart disease begins in the legs of people walking about 
is also due lurgely to cravity. 

2. Direct impediments to the return of blood by the 
veins are numerous. The congestion of the chylo- 
poietic viscera which results from the obstruction to the 
portal circulation in cirrhosis of the liver; that of the 
lung in mitral constriction and regurgitation; that of 
the systemic circulation in insufficiency of the tricuspid 
valve ; and that of the lower extremities from the pressure 
of the gravid uterus on the iliac veins, are a few of the 
numerous familiar examples of mechanical hyperemia 
from this cause. 

RESULTS.— Whether there be a direct impediment to 
the return of blood by the veins or a failure in the forces 
of circulation, the veins and capillaries dilate, and the 
blood accumulates in them and moves with diminished 
velocity. The subsequent changes will depend upon the 
amount of obstruction to the venous return and the force 
of the arterial circulation; in other words, upon the 
injury sustained by the vessel-walls from impaired 
nutrition, and upon the increase of pressure in the veins 
and capillaries. The most important of these changes are— 
the transudation of serum, the diapedesis of the red blood- 
corpuscles, hwmorrhage, fibroid induration, thrombosis, 
and necrosis. 

1. Transudation of Serum.—This is the earliest and 
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one of the most important results of mechanical hyper- 
zmia. 'Theinfluenceofincreased pressure upon theamount 
of transudation is shown experimentally thus :—Tie the 
main vein of the ear of a rabbit on each side, and divide 
the sympathetic in the neck on one side; the transudation | 
of serum into the ear of that side on which the nerve is 
divided will be very considerable, whilst on the other it 
will be slight, or entirely wanting. The serum transudes 
from the capillaries and small veins, and not from the 
small arteries, and differs from plasma in being of lower 
specific gravity, in containing less albumen, and in having 
very little tendency to soar alate, which is probably due 
to the small number of white corpuscles present in it, Red 
corpuscles may be present in small or large numbers—vary- 
ing directly with the amount of obstruction. The greater 
the pressure, and the more the nutrition of the wall suffers, 
the more nearly does the transuded liquid fesemble the 
liquor sanguinis, and the greater is the amount of albumen, 
which it contains. Ifthe pressure be very great it may 
yield a fibrinous coagulum. 

The increased absorption by lymphatics which follows 
increased transudation from the blood-vessels may be 
sufficient to prevent any accumulation of serum in the 
‘part—as is the case, for example, in the ear of the rabbit, 
where the main vein is obliterated but the arteries are 
not dilated (see above). Where the lymphatic absorp- 
tion, however, is insutficient to remove the transuded 
liquid, this accumulates and gives rise to oedema and 
dropsical effusion. The amount of transudation will be 
influenced by the-anatomical characters of the tissue, 
being most in those parts in which the blood-vessels are 
least supported, as in the subcutaneous tissue, and in 
tissues which present a free surface, as serous and 
mucous membranes. A lax and toneless condition of the 
vessels also will favour transudation. 

2. Diapedesis of Red Blood-corpuscles.— W hen the 
obstruction to the venous return is great, not only does 
serum transude from the veins and capillaries, but red 
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blood-corpuscles also escape from the same vessels. This 
diapedesis of red corpuscles in mechanical hyperemia 
was discovered by Cohnheim. It may be observed in the 
web or tongue of the frog after ligature of the main vein. 
The red corpuscles accumulate in increasing numbers in 
the veins and capillaries, the blood-stream in these 
vessels completely stagnates, the red corpuscles become 
so closely packed that their individual outlines are 
scarcely distinguishable, the coherent mass oscillates to 
and fro with the arterial pulsation, and then suddenly 
some of the red corpuscles penctrate the walls of thé 
small veins and capillaries and escape into the surround- 
ing tissue. 'his diapedesis occurs without rupture of 
the vessel, and if the ligature be removed, the blood 
again circulates in a perfectly normal manner. The cor- 
puscles appear to be squeezed through the capillary walls 
as the result of the pressure, and rarely escape in great 
numbers. Perhaps they pass through the stomata 
which Recklinghausen has shown to exist between the 
endothelial elements; but es plasma could easily pass 
through openings large enongh for a red corpuscle, and 
as the transudation-fluid differs markedly from plasma, 
Cohnheim considers that the existence of these stomata 
is not necessary to account for the diapedesis. 

3. Heemorrhage.—This is another result of mechanical 
hyperamia, which usually occurs only when the obstruc- 
tion to the venous current is very great. It is probable, 
too, that the nutrition of vessels and tissues has suffered 
from long congestion; for very heavy strains may be 
put upon healthy vessels without their giving way. 
Those vessels which are the least supported are the first 
to give way. Hemorrhage into the stomach in cirrhosis 
of the liver, and into the lung in mitral disease, are 
familiar examples of this result. 

4. Fibroid Induration.—This, which is due to a 
gradual increase in the connective tissue around the 
blood-vessels, is one of the most important results of 
long-continued mechanical hyperamia. The interstitial 
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growth leads to atrophy of ‘the higher structures, and 
thus to impairment of the functions, of the organ. In 
the stomach, it produces atrophy of the glandular struc- 
tures; in the kidney, compression of the urine tubes; in 
the liver, obstruction to the portal circulation; in the 
heart, diminution in motor power. The alterations 
which this change produces in the physical characters of 
the organs—viz., induration associated with abnormal 
redness, due to the excess of blood or pigmentation from 
hamatoidin—are exceedingly characteristic. 

5. Thrombosis, 18 a result of mechanical obstruction, 
will be described in the following chapter. 

6. Necrosis occurs from mechanical hyperamia only 
when the obstruction is very general and complete. It 
has been already described (p.° 25). 

In addition to the foregoing, long-continued mechanical 
hyperemia leads to impairment of vitality and function. 
The tissues gradually undergo retrogressive changes and 
atrophy, although from the amount of serosity and blood 
which they contain, their size and absolute weight may 
be increased. Their temperature becomes lowered. This 
form of hypereemia has no tendency to cause multiplica- 
tion of tissues other than the connective (fibroid indura- 
tion), and the epithelial, as seen in catarrhs of mucous 
membranes. : 

MECHANICAL HYPERZMIA OF THE LIVER. 
—NUTMEG LIVER.—Long-continued mechanical hy- 
peremia of the liver gives rise to the condition known as 
Wutmeg Liver. ‘This is the condition which so frequently 
results from disease of the heart. ‘The change is 
characterised by a large accumulation of blood in the 
hepatic veins, which dilate and thicken; by atrophy of 
the hepatic cells in the central portions of the acini; 
and by increase of the interlobular connective tissue. 
The impediment to the return of blood by the hepatic 
vein leads to pressure-atrophy of the cells in the central 
portions of the acini, and also to the formation of granular 
pigment, so that when examined microscopically, these 
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portions of the acini are seen to consist of broken-down 
cells and granules of pigment. (Fig. 67.) The veins 
here are found much dilated, and filled with red blood- 
corpuscles. (Fig. 68.) Their walls are thickened, and 
there often appears to be also more or less thickening 
of the intercellular network which immediately surrounds 
the central vein. Owing to this thickening of the central 
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Nutmeg Lirer,—Showing the destruction of the liver- 
eclisand the pysmentation of the central portions of the 
acinus, toyether with the new growth of connective 
tissuc at the periphery. V. Lepatic vein. VT. Portal 
canal, x 60. (When the specimen is more highly 
miugnified, the peripheral conuective-tissuc growth is 
seen to contain numerous nuclei. ) 


vein and of the adjacent intercellular network, and to 
the destruction of the liver-cells, the most central portions 
of the acini, in advanced stages of the disease, may pre- 
sent a fibrous appearance. At the peripheral parts of 
the acini the new interlobular growth is seen msinuating 
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itselt between the almost unaltered liver-cells. This new 
interlobular growth is usually distinctly nucleated, but, 
for the most part, less so than that met with in cirrhosis. 
Its cellular character has been insisted upon espegially 
by Dr. Wickham Legg. 

In the earlier stages of this affection the liver is often 
considerably increased in size from the large amount of 
blood which it contains. On section, it presents a peculiar 
mottled appearance, the centre of the lobules being of a 
dark-red colour, whilst the peripheral portions are of a 





Nutmeg Liver.—DPortion of Fig. 67, around central 
hepatic vein (V), more highly magnified. Showing 
the thickening of the veins, and the accumulation of 
red blood-corpuscles within them, x 400, 
yellowish-white. his latter appearance 1s often increased 
by fatty infiltration of the peripheral liver-cells. Ulti- 
mately, the organ may undergo a gradual diminution in 
size. This is due to the atrophy of the cells in the central 
portions of the lobule, partly from pressure of the dilated 
central veins and mal-nutrition, and partly from the pres- 
sure of the contracting interlobular growth. The inter- 
lobular growth tends to cause obstruction to the portal 
circulation, as in cirrhosis. 
MECHANICAL HYPERZMIA OF THE LUNGS.— 
In the lungs, long-continued mechanical hypermmia pro: 
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duces that peculiar induration and pigmentation which is 
known aS Brown Induration. This most frequently 
results from stenosis and insufficiency of the mitral orifice. 
The alterations produced in the pulmonary texture consist 
in the first place of elongation and dilatation of the pul- 
monary capillaries, so that even in uninjected preparations 
the alveolar walls appear abnormally tortuous. The epi- 
thelial cells lining the alveoli become swollen, probably 
multiply, and are seen in large numbers, filled with dark 


Fig, 69. 





Brown Induration of the Lung.—Showing the abnormal number 
of swollen pigmented epithelial cells covering the alveolar 
walls, the increase of connective tissue around the blood-vessels, 
a, and the large quantity of pigment. &. The alveolar cavity. 
x 200. 


brown pigment, covering the alveolar walls. (Fig.69.) They 
frequently accumulate within the alveolar cavities. These 
changes are followed by an increase in the intcrlobular 
connective tissue, by the formation of large quantities 
of brownish-black pigment, and often by a thickening 
of the alveolar walls. Sometimes the pulmonary capil- 
laries rupture, and blood is extravasated into the lung- 
tissue. 
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Lungs in. which these changes are at all advanced pre- 
sent a more or less uniform brownish-red tint, mottled 
with brown or blackish-coloured specks and streaks. They 
are heavier and tougher than natural, less crepitant, and 
upon squeezing them the pulmonary tissue is found to be 
denser and thicker than that of a healthy lung. 


POST-MORTEM APPEARANCES OF HYPER- 
JEMIA.—The post-mortem appearances presented by 
hyperamic organs and tissues vary considerably. Very 
frequently parts which were hyperamic during hfe show 
no signs of itafter death. If the blood does not coagulate 
rapidly, post-mortem contraction of the arteries forces it on 
into the veins; and thus the recognition of arterial and 
capillary hypermmia becomes impossible. The effect of 
gravitation must also be taken into account in estimating 
hyperemia. After death the blood naturally gravitates 
to the most dependent parts, distending the vessels, now 
simply elastic :—this is seen in the post-mortem congestion 
of the posterior portions of the lungs, and of the most 
dependent portions of the various coils of the intestine 
The uniform redness of post-mortem staining again, must 
not be confounded with the redness of hyperamua. In 
capillary and arterial hypermmia, the colour is red, and 
the injection often presents the appearance of a capilli- 
form network ; if very intense it may to the naked eye 
appear uniform, but a lens will always discover its capillary 
nature. When the veins are the seat of the hyperamia 
the injection is called ‘‘ramiform,” and the colour is 
dark blue. 

The anatomical peculiaritics in the distribution of the 
blood-vessels will, however, materially affect the appearance 
of the hyperwntia. In the intestines it is often punctiform, 
being situated in the vessels of the villi; so also in the 
kidney, when its seat is the Malpighian corpuscles. A 
punctiform appearance may be produced also by minute 
extravasations of blood. If the hyperemia is of long 
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standing, the tissue becomes pigmented by the altered 
hsemoglobin of transnded red corpuscles. This is often 
well seen in the stomach and intestines (“ shorn-beard” 
appearance) ; also in the lungs. 


CHAPTER XXV. 
THROMBOSIS. 


THROMBOSIS 1s a coaculation of the blood within the 
vessels during lite. "The coaguluin is called a thrombus, 
in opposition to a elot—the result of post-mortem coagu- 
lation. It may form in the heart, arteries, capillaries, or 
veins; butis much the most common in the veins. 

CAUSES.—The phenomenon of blood-coagulation has 
been shown by Alex. Schmidt to depend largely upon the 
white blood-corpuscles. Fibrin is formed by the union of 
two albuminoid bodies—fibrinogen and fibrinoplastin, and 
their unidn is effected by a fibrin-ferment. Fibrinogen 
exists as such in the liquor sapvguinis, but the ferment and 
the greater part of the fibrinoplastin are contained in the 
white blood-corpuscles. Destruction of some of these cor- 
puscles, and liberation of the ferment and fibrinoplastin, 
are therefore necessary for coagulation to take place. 

Schmidt bas shown. also that when blood escapes from 
the vessels a large number of white blood-corpuscles are at 
once destroyed. Ithas further been noticed that clotting 
during life is associated with abnormality of the wall 
of the vessel in which it occurs. We suppose, there- 
fore, that fluidity of the blood during hie is due to 
some influence which normal vessel-walls exercise upon 
white blood-corpuscles, preventing their destruction in 
any number. Some are constantly being broken up, and 
a varying—but small—quantity of ferment 1s always 
present in the blood; but the vessel-wall has apparently 
the power of destroying it or inhibiting its action ; for 
coagulation does occur if much ferment is introduced 
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into, or is formed in, the blood. The nature of this 
supposed intluence of the vessel-wall is quite unknown; 
but it seems certain that it is exercised by the endothelium 
—for we know that fatty and calcareous changes of the 
middle coat do not cause coagulation, whilst atheromatous 
ulcers, foreign bodies, pieces of new growth, which are all 
bare of endothelium, do; also that injury to capillaries, 
which possess only endothelium, causes thrombosis in 
them. 

Prolonged contact with an abnormal vessel-wall will of 
course favour coagulation, as is well seen in the cure of 
aneurisms. Butretarded flow was regarded as an exciting 
cause of coagulation in apparently normal vessels ; and 
so it is—indirectly. For impaired circulation in a part 
means damage to its tissues—to its vascular endothelium 
among others. If the endothelium is kept fairly nourished 
in spite of stagnation within the vessel, the stagnant 
blood will not coagulate. Blood within a tied-off turtle’s 
heart does not coagulate till the heart dies. The time 
before coagulation occurs in the jugular vein of a mammal 
is longer in proportion to the care with which it is laid bare 
and the ligatures are apphed; and, if this operation be 
done antiseptically, coagulation does not occur at all, 
Retardation and even stagnation of How must therefore 
be regarded as, at most, but an indirect canse of throm- 
bosis, though it is always a favouring circumstance. 
Abnormality or removal of endothelium is the essen- 
tial condition. The causes producing this are numerous :-— 

i. Injuries — mechanical, chemical, or physical— 
which destroy or greatly injure the vessel-wall. The most 
important, because the most frequent of these, are :— 
section and rupture of vessels, in which thrombosis is the 
means by which hemorrhage is temporarily checked; and 
ligature, torsion, cautery; &c., the means by which sur- 
geons temporarily arrest hamorrhage which the natural 
processes are insufficient to stop. All of these, obviously, 
cause great injury to the vessel-wall. Other examples of 
such injury are afforded by the action of chemical caustics, 
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and of the causes of severe inflammations. These latter 
may be borne to the part by the vessels, and attack them 
from within; or they may travel along lymphatic spaces, 
and act on the vessels from without. 

2. The presence in the vascular system of sub- 
stances not covered by endothelium :—ncedles, horse- 
hair, or wire introduced into the sac of an aneurism, 
induce clotting upon themselves, as also do already- 
existing clots (thrombus or embolus), parasites which 
have penetrated vessels, and new growths which project 
into the interior of veins. 

3. Such changes in the blood, or in the blood 
supply of a part, as cause disease of the vessel-walls 
by imperfect or improper nutrition. This is a most 
important group. ‘The simplest of these causes is a 
tendency to stagnation of blood. This may be due to 
many causes (p. 218), of which the most important 
are cardiac weakness, general diminution of vascular 
tonus, a dilatation (varix) of veins. All these may well be 
combined in one case to retard the circulation; and thus to 
produce an abnormal vessel-Wall, and prolonged contact 
of the same blood with it. They are the conditions which 
give rise to the,“ marasmic clots” of Virchow. ‘These 
form in the most dependent veins—e.g., those of the 
lower limb, pelvis, or back, and in those parts of the 
heart in which blood tends earliest to remain when the 
organ does not completely empty itself—viz., the auri- 
cular appendices, the apices of the ventricles, and between 
the trabeculw. In veins these clots begin just behind 
the flaps of valves. The force of the venous current 
being so slight, or the resistance to it being so great, that 
it no longer completely opens the valves ; the blood con- 
sequently stagnates, and, after a time, coagulates behind 
them. Such clots occur in the course of many exhaust- 
ing diseases—as phthisis, cancer—in which thrombosis 
is materially facilitated by the quiescent state of the 
patient. Careful examination of the sites of recent 
thrombi is said to have demonstrated absence of endo- 
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thelium; but it might well have disappeared secon- 
datily. 

Next come all diseases of heart or vessel-wall which 
produce loss or impaired vitality of the endothelium. 
In the heart, inflammation of the endocardium causes 
destruction of its endothelium, and the growth of granu- 
lation-tissue from the opposed surfaces of valves or else- 
where; coagulation 1s frequent upon these vegetations 
(see “ Endocarditis’’). In the vessels, atheromatous ulcers, 
bare calcareous plates, syphilitic inflammation, and 
changes due to involvement of veins or arteries in spread- 
ing inflammations, may inducc thrombosis similarly. In- 
flamimation was formerly regarded as the main, if not the 
only, cause of thrombosis; hence thrombosis in veins 1s 
frequently termed ‘“ phlebitis” even at the present day. 
Inflammation of veins, as already stated, is certainly rare 
as a primary condition, although it not’ unfrequently 
results from the formation of a thrombus. 

The thrombosis which occurs as an occasional comph- 
cation of actfte specific-fevers is explained by the observa- 
tion of Ponfick that in thése diseases desquamation of 
endothelium may occur over large areas of vessels. 

No one who looks at the wall of an aneurism containing 
clots will doubt that abnormality of wall exists; and ‘the 
ordinary methods of cure consist in rendering the 
circulation through it—already slowed by the dilatation 
—still slower— i.e, in prolonging the contact of the blood 
with an abnormal surface. In varicose veins, which are 
frequently the seats of thrombosis, the endothelium can 
scarcely ever be healthy, though it may not be so defective 
as to excite coagulation, Here again alteration of vessel- 
wall is the exciting, slowing of circulation the predisposing, 
cause of clotting. 

4, Certain conditions of the blood favour coagulation 
and promote the oceurrence of thrombosis. It is said 
that the tendency to coagulate is increased in the later 
months of pregnancy, and after profuse hsemorrhage. To 
whatever cause it may be due, an increased tendency of 
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the blood to coagulate is probably never more than a 
predisposing cause of thrombosis. In septic fevers, 
thrombosis is not uncommon at points having no direct 
relation to a wound. Perhaps the blood-state may here 
assist the other usual causes in the production of a maras= 
mic clot, but itis also possible that organisms may pluy a 
part in the process. This seems particularly likely in 
those frequent cases of venous thrombosis, often going 
on to puriform softening and secondary phlebitis, which 
occur side by side with erysipelas, pywmuia, &e., and 
which have gained for phlebitis a place amongst Hospital 
diseases. 

CHARACTERS OF AND DIFFERENCES BE- 
TWEEN CLOTS AND THROMBY.—'lhe ordinary red 
clot of blood drawn from a vein, the “ buffy” clot of in- 
flammation or of delayed coagulation, and the white clot 
free from red corpuscles obtained by whipping blood with 
anything having a large rough surface, show the charac- 
ters and modes of formation of the thrombi with which 
we have to deal. 3 

Post-mortem coagula in the heart are generally buffy, 
the thickness of the uppermost pale layer varying directly 
with the time which elapses before the heart-substance 
becomes so altered as to allow coagulation to begin. Both 
in the heart and vessels, coagulation occurs in that purt 
of the blood ‘which is furthest removed from the influence 
of the wall; hence the smaller the vessel, the later does 
post-mortem clotting occur. Such clots are soft, watery, 
never adherent, do not completely fill the vessels, and can 
be easily drawn out of them as long strings. 

Clots formed in the heart just before death connect 
post-mortem clots and thrombi. These are probably partly 
due to “ whipping’ by the chord tendinew, &c., of the 
blood, which tends to stagnate when the heart is too weak 
to empty its cavitics. As would be expected, they are more 
or less uniformly decolorised, and, though not adherent, 
are often so much entangled among the chorde, &c., that 
they cannot readily be removed. From their longer dura- 
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tion and more complete contraction, they are firmer and 
less watery than post-mortem clots. 

Thrombi or ante-mortem clots are of two kinds—red 
and white, according as they originate from quiescent or 
circulating blood. 1n the former case, as seen in an artery 
or vein after ligature, more or less of the stagnant blood 
on either side of the knot coagulates into an ordinary red 
clot—soft, uniform on section, and adherent to the vessel. 
wall where this is injured, The thrombus then contracts, 
still adhering to the wall, becomes drier and less elastic, 
but is stillred. This is the state in which a red thrombus 
is generally found. 

But, when coagulation occurs in blood which is’ still 
circulating, as in the sac of an aneurism or on a cardiac 
vegetation, a white or mixed thrombus results. The ab- 
normal surface causes each successive quantity of blood 
which passes to leave upon it a little fibrin and some of 
its most sticky elements—leucocytes. If the blood-stream 
is languid, more or fewer red corpuscles remain in the 
thrombus, rendering it mixed. These thrombi are grey- 
ish white or reddish, firmly adherent to the wall, and it 
is peculiar to them that they are stratifed. This is 
probably due to variations in the rate of deposition of the 
fibrin, in the blood-pressure to which it is subjected, and 
such like physical conditions. 

A thrombus may cause partial or complete obstruction. 
Once formed, it tends to extend by deposition of more fibrin 
on its surface. Asa rule, this extension is checked by the 
rapidity of flow at the level of the first large collateral 
branch in each direction; but sometimes, especially in 
veins, thrombosis becomes “ continued,” and one clot may 
extend from the foot to the cava. Both in arteries and 
veins, extension is always chiefly toward the heart, though 
it may occur also in an opposite direction. These thrombi 
generally adhere to the wall throughout, but sometimes 
they do so only at their points of origin. 

In the capillaries, coagulation occurs only as a result of 
necrosis or grave injury of the capillary-walls ; for they 
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are so small that, so long as they are living, their 
influence in preventing clotting will act upon the whole 
of the contained blood (Lister); and consequently throm- 
bosis does not extend into them so long as there is suth- 
cient blood-supply to keep them alive. 

LATER CHANGES IN THROMBI.—These are :— 
Decolorisation (when red), resolution, organisation, 
calcification, softening (simple and infective), and putre- 
faction. 

Decolorisation.—The first change in a red thrombus 
is a breaking-down of the red corpuscles ; their stromata 
become unrecognisable, the haemoglobin is set free and in 
great part absorbed, but some may remain as granular 
homatoidin. As a result, the thrombus loses its deep 
red colour. The process begins in the centre, and takes 
weeks or months before it is at all complete. 

Resolution.— That nany thrombi disappear is certain 
from such facts as repeated bleedings having been effected 
at long intervals from the same vein, when it was the 
custom for peaple to be bled every “ spring and fall;” and 
from the re-establishment of the circulation through 
superticia] veins in the leg or spermatic veins, which are 
known to have been thrombosed. The'steps of the process 
are not known, In cases of death from septic poisoning, 
appearances found in vessels which have been tied occas 
sionally indicate that throm)i formed before the onset of 
the fatal disease have broken down. 

Organisation has been studied mainly in thrombi 
forming as the result of ligature. The effect of the appli- 
cation of a hgature is usually to cut through the middle 
and internal coats of the vessel; these contract and retract 
somewhat, turning up and down into the lumen of the 
vessel; and the constricted external coat is all that is left 
in the grasp of the noose, In afew hours a red thrombus 
forms, conical in shape, and adherent by its base to the 
inverted inner and middle coats. It extends for two or 
three days, and finally reaches the level of the first colla- 
teral branch—often, for some unknown reason, stopping 
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short of this on the distal side, Meanwhile, it has become 
firmer, drier, and more widely adherent about its base to 
the artery. This adhesion progresses as the thrombosed 
piece of vessel contracts upon the clot, until it becomes 
universal, By the second day a buffy nodule may be 
seen in the base of the deep red thrombus, and it rapidly 
increases, so that in a week or two the colour of the clot 
has disappeared. After some weeks or months this de- 
colorised plug is found to have been replaced by connec- 
tive tissue intimately united with the artery, which has the 
appearance of a firm fibrous cord. The microscope gives 
the following explanation of the process :—-The red throm- 
bus consists of red corpuscles, with a few white, in the 


Vic. 70. 





Section ofan Arterial Thrombus thirty-seven Days old.— 
a. New blood-vessels. b. Leucocytes and anastomusing 
cells. (Luindfleisch. ) 


.meshes of a fibrin-coagulum. The buffy nodule which 
grows into the base of the clot is formed of small round 
cells, which at first are undoubtedly leucocytes migrated 
from the vasa vasorum injured by the ligature. But 
there is a difference of opinion as to the origin of those 
formed after (say) the third day. By this time the cells 
of the part have recovered from the injury done them by 
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the wound and ligature; and it is stated by some (Ricdel, 
Cornil and Ranvier) that the endothelial cells multiply 
and send rod-like processes into the clot, and that these 
are henceforwards, the source of the invading cells. 
Others deny this, and maintain that the new cells are all 
leucocytes. Senftleben secured between double hgatures 
pieces of vessels, and put them into the abdomens of 
rabbits. He found that they became filled with connective 
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Longitudinal Section of the Ligatured Lnd of he Crural 
Artery of a Dog, fifty Days after the Applreation of the 
Ligature.—Showing the newly formed vessels in the 
thrombus and their communication withthe vasa vaso- 
rum, Zh. Vhroinbus. AL Museular cout. 4% Texter. 
nal coat and vasa vasorum, x 20. (O. Weber.) 


tissue containing well-developed spindle-cells, and con- 
cluded, therefore, that the development of thrombi during 
life also depends upon migrated whité corpuscles, and 
not upon the endothelium. Obviously, however, proof 
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of the ability of white corpuscles to form connective 
tissue, does not exclude endothelium from doing so like- 
wise as a regenerative process. However formed, the 
cell-mass is penetrated by blood-vessels, which begin to 
grow from the capillaries of the vessel-walls on the 
second day. The cells become spindle-shaped or branched 
(Fig. 71), fibrillation appears either in them-.or in the 
ground substance between them; many cells disappear as 
the fibres incréase, the latter contract, and many vessels are 
obliterated, the result bemmg—the fibrous cord above 
mentioned. Thisis called organisation of a thrombus ; 
but itis “evident that the original thrombus disappears 
entirely, and has nothing to do with the process which 
goes on in the round-celled mass, of the origin of which 
we are uncertain. The vessel-wall is converted into 
fibrous tissue, and blends with that of the clot. 

Jn certain cases, channels are formed in the connective 
tissue, which communicate both above and below with the 
lumen of the vessel, and thus the circulation is more or 
less completely re-established. ‘They are probably due to 
dilatation of the vessels of the thrombus (though why 
this should occur in some cases and not in others is un- 
known), and give rise to the sinus-like degeneration of 
Rokitansky. It is especially common at the junction of 
the common iliac veins 1n cases of “‘ white leg,” leading to 
more or less perfect recovery. It is rare in arteries. 

Organisation is most frequent in uniform, unstratified 
thrombi, and especially in those occurring in arteries. 
But long clots of this kind, such as occur after ligature 
of the carotid low down, and large laminated thrombi, 
like those in aneurisms, may long remain as more or less 
granular masses of non-irritant fibrin, without any sign 
of organisation. 

Calcification.—This occurs in some clots, giving rise 
to phleboliths. They are especially common in the pros- 
tatic plexus. 

Softening.—1. Simple. A thrombus which undergoes 
neither of the previously described changes, often softens. 


THROMBOSIS. 239 


This, in the majority of cases, is due simply to the chemical 
changes which the constituents of a clot undergo when 
dead but aseptic, and results in the formation of a more 
or less fluid, pappy substance, which has a red or white 
colour according as it originates from a red or white 
thrombus. To the naked eye in the latter case it looks 
much like pus, and the change used to be spoken of as 
suppuration, or puriform softening, of a clot. But 
Virchow pointed out that the fluid consisted of the 
débris of corpuscles and fibrin—albuminous, fatty, and 
pigmentary granules. ‘There may be a few recognisable 
white corpuscles in it, which have probably migrated from 
without. The outer laminz gencrally form a firm case 
for the softened central part, and if the softening approach 
the surface, fresh protective clot often forms at the 
point ; but the encasing clot may be perforated and the 
contents discharged into the circulation. The larger 
particles will give rise to embolisms, probably too minute 
to, cause symptoms, and circulation is re-established 
through the thrombus—the process constituting what is 
known as canalisation of a thrombus. 

2. Infective.— But in certain cases of puriform soften- 
ing, to the naked eye similar to the above, all the symptoms 
of septic poisoning occur; acute suppurative inflamma- 
tion of the vein-wall is shown by the microscope; and any 
portions of the clot which enter the circulation are so 
intensely irritating as to cause suppuration where they 
lodge. (See “ Pyazmid and Septicamia.’”) The difference 
between the two cases is this:—in the latter form of 
softening micrococei are constantly present, and it is 
to them that the infective properties of the broken- 
down clot are due. In the great majority of these 
cases the veins affected lead directly from a wound, and 
then the mode of entry of the specific micrococci is evident. 
In a small number of patients, also with wounds, the 
thrombosis and softening occur in veins having no kind 
of direct connection with the wound; here, too, the 
organisms enter by the wound, and in some cases at least 
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the thrombosis is secondary to a general septic infection. 
Finally, there remain a few instances in which no patho- 
logical breach of surface could be found for the admission 
of the germs; it is thought that, in these, they must have 
passed into the blood through the alimentary or respira- 
tory mucous membranes. 

Putrefaction.— This rare change 1s due to the entry into 
the clot froin some very foul, and often gangrenous, surface 
of the bacterium termo, ‘lhe growth of this organism 
converts the thrombus into a stinking yellow-red fluid, 
which is highly irritating. 

RESULTS.— The results of thrombosis comprise certain 
changes in the walls of the vessels, more or less obstruc- 
tion to the circulation, and embolism. These must be 
considered separately. 

1. Changes in the vessels.— More or less alteration 
in the wall of the vessel 1s an invariable consequence of 
the formation of a thrombus. When the thrombus 
undergoes a process of organisation, it becomes, as 
already described, intimately united with the vascular 
wall, The latter in the first place becomes infiltrated 
with cells, and considerably thickened, but ultimately, 
together with the thrombus, gradually atroplies. It is 
when the thrombus undergoes a process of infective 
puriform softening that the most important changes, 
of an acute inflammatory nature, take place in the 
vessel. They are due to the irritation of the decom- 
posing thrombus, and are most frequently observed in the 
veins, where infective thrombi are most lable to occur. 
I'he walls of a vein within which a thrombus is under- 
going puriform softening are considerably thickened, so 
that to the naked eye it resembles an artery. The inner 
surface has lost its translucency, and is of a dead opaque 
colour. The adventitia and middle coats are injected 
and present numeraus hwmorrhagic points, which are 
often visible through the intima. The swelling of the 
wall is due to dense infiltration with leucocytes, which 
conceals all normal structure; and the innermost cells 
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die, and are shed into the lumen of the vessel. Small 
collections of pus may be seen in the external and middle 
coats. The neighbouring tissue may also become in- 
volved. These acute inflammatory changes in veins 
constitute what is known as suppurative phlebitis. 
Although most frequently due to thrombosis, they may 
occur also as the result of extension from adjacent sup- 
purating tissues, in which case the thrombus, which also 
undergoes puriform softening, is secondary to the phlebitis. 
(See ‘Inflammation of Veins.”) Similar changes are 
observed in the arteries. 

2. Obstruction to the circulation.—The consequences 
of the obstruction to the circulation which results from 
the formation of a thrombus will depend upon the 
rapidity and cause of its formation, the nature and size 
of the vessel obstructed, the situation and number of the 
collateral branches, and the force of the circulating cur- 
rent. The rapidity with which the obstruction is effected 
is of considerable importance, inasmuch as the more 
gradual this is the longer is the time allowed for the 
estallishment of a collateral circulation. For this reason 
the interference with the circulation caused by throm- 
bosis is, for the most part, less marked than that which 
results from the more sudden obstruction caused by 
embolism. ‘I'he cause of the thrombosis is important for 
the reason already stated—viz., that in that which results 
from retardation of the circulation the coagulation does 
not extend into the capillary vessels, unless necrosis occurs. 

In the veins when thrombosis occurs in a vessel of 
small size and when collateral branches are numerous, 
as in the prostatic or uterine plexuses, the circulation is 
but little interfered with, and no symptoms of obstruc- 
tion result. If, however, the main trunk of a large vein, 
as the ilio-femoral, becomes obliterated, the apetenction 
is followed by mechanical hyperwmia, the extent and 
duration of which will depend upon the facility with 
which the circulation can be restored by the collateral 
vessels. It must be remembered, however, that the 
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valves in veins, when they exist, may, by preventing 
back-flow, offer a great impediment to collateral circula- 
tion. Thrombosis in the above-named vein frequently 
occurs, as already stated, in the latter stages of many 
chronic debilitating diseases, especially in phthisis; also 
in the puerperal state, where it gives rise to the condi- 
tion known as phlegmasia dolens. As the femoral is 
almost the only vein which carries blood back from the 
lower limb the effect of sudden blocking of it is marked. 
At first perhaps cyanotic, the limb becomes swollen, 
pallid white, painful, and too tense to pit; and there is 
often more or less tenderness along the vein, which feels 
enlarged, hard and knotty. These symptoms vary 
greatly in amount; and to them are sometimes added 
those of lymphangitis and cellulitis. The extent of the 
thrombus—¥i.e., the number of collateral branches which 
it blocks, and the strength of the circulation, will do 
much to account for the amount of odema; and it is 
probable that the more acute inflammatory symptoms 
are of septic origin. The circulation is usually ultimately 
restored ; but if the impediment has been of long dura- 
tion, the tissues become thickened, and the limb is left 
in a hard, indurated, and somewhat enlarged condition. 

The results of obstruction in arteries have been already 
considered in the chapter on Tiocal Anemia (p. 212). It 
is in tissues with terminal arteries that the interference 
is most marked, and here hemorrhagic infarction, which 
so often results from embolism, may occur, although 
owing to the more gradual obstruction of the circulation, 
it is less likely to do so. (See ‘“‘ Embolism.”) 

3. Embolism.—Portions of the thrombus may be 
carried away by the circulation, thus constituting em- 
bolism. This, which is the most important result of 
thrombosis, will be considered in the following chapter. 
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CHAPTER XXVI. 


EMBOLISM. 


EMBOLISM is the impaction of solid substances circu- 
lating in the blood in vessels which are too small to allow 


to pass. 


are very various in their nature. 

By far the most frequent sources of emboli are thrombi, 
portions of which are carried from the seat of their forma- 
Emboli may, however, originate 


Fia. 72. 


tion by the circulation. 
independently of thrombi—vegeta- 
tions and calcareous or atheromatous 
masses separated from the valves 
of the heart, or from the inner sur- 
face of arteries; portions of new 
growths, as carcinoma, which, hav- 
ing perforated the vessels, have been 
carried away by the current; para- 
sites which have made their way 
into the interior of vessels; fluid 
fat which has escaped from the fat- 
cells and entered open lymphatics, 
as occasionally occurs in fractures 
of bone, &c. ; pigment granules, and 
other substances, may all constitute 
emboli. 

A thrombus may give rise to 
emboli in two ways :—A piece may 
be swept off from a firm, undegene- 
rate clot; or the thrombus may 


soften, and the results of this pro- i. 


cess be discharged into the circu- 
lation, when any particles too large 
to pass through the finest capillaries 


The solid substances are termed emboli, and 





A Thrombus in the 
Saphenous Vein.—Show- 
ing the projection of the 
conical end of the throm- 
bus into the femoral 
vessel. SS. Saphenous 
vein, 7. Thrombus. 
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v , opposite the valves, 
the thrombus is softened. 
(Virchow.) 


will give rise to embolism. Portions of a parietal thrombus, 
not filling the vessel, may readily be carried away by the 
R 2 
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passing current. Perhaps, however, the most frequent way 
in which a thrombus gives rise to embolism is by the break- 
ing off of its conical cardiac end which often projects a 
little way into the cavity, or over the mouth, of a vessel 
in which the current is too strong to allow of its further 
progress. (Fig. 72.) Some sudden movement or exer- 
tion often determines, in these cases, the separation of 
the embolus. It is especially venous thrombi which give 
rise to embolism; the veins of the lower extremity and 
jugular veins being amongst the most common sources. 
Emboli from cardiac thrombi are also exceedingly 
common, whilst those from arterial are the least fre- 
quent. 

Emboli become arrested in the first vessels they meet 
with which are too sinall to allow them to pass. And, 
naturally, the seat of impaction will usually be at the bifur- 
cation of the vessel, or, where, from the giving off of large 
branches the calibre diminishes rapidly. (See Fig. 73.) 
The particles may be so small as to pass through even the 
finest capillaries, when they give rise to no symptoms ; 
or they may pass through large capillaries, to be arrested 
m a finer set beyond; but as a rule they become im- 
pacted either in the first set of capillaries which they 
come to, or in some larger vessel between this set and 
their seat of origin. Thus, emboli originating in the 
systemic veins or in the right cardiac cavities, will 
most commonly become arrested in the vessels of the 
lungs; those originating in the arteries, the left cardiac 
eavitics, or the pulmonary veins —in the systemic arteries 
and capillaries, especially in those of the spleen, kidneys, 
and brain ; and those originating in the portal venous sys- 
tem—ain the hepatic branches of the portal vein. With 
the exception, therefore, of emboli originating in the portal 
system, the seat of arrest is the arteries or capillaries. 

Emboli are carried usually in the direction of the main 
current ; hence those carried by the aortic stream pass into 
the thoracic aorta more commonly than into the carotid 
and subclavian vessels, and into the left carotid and renal 
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artery than into the corresponding arteries of the opposite 
side. Gravitation also influénces the direction in which 
they are carried, especially those of large size, which move 
somewhat more slowly than the blood-stream ; hence, they 
are more common in the lower lobes and posterior purts of 
the lungs than in the superior and anterior portions of 
these organs. 

It is not uncommon to find that the finer vessels of an 
area, of which tho supplying artery is plugged, also con- 
tain emboli. This may be accounted for in two ways :— 
If, as is frequently the case, the arrest takes place at a 
point of bifurcation, the embolus may partially fill both 
branches, allowing a small stream of blood to pass; this 
may break off portions of it, and so cause secondary emboli, 
which become impacted in the smaller divisions of the 
above main trunks. ‘I'he second mode is by the detach- 
ment of several small emboli from some distant source, 
which subsequently yiclds a mass large enough to stick in 
the main trunk. For it is found experimentally that 
small bodies injected at intervals into the jugular vein are 
sometimes swept into the same division of the pulmonary 
artery. 

The amount of obstruction which immediately follows 
the arrest will depend partly upon the nature of the 
embolus itself, as well as upon its size and shape. If the 
embolus be from a soft, recently formed thrombus, it will 
adapt itself to the cavity of the vessel, and so completely 
occlude it. If, on the other hand, it is irregular in shape 
and firm in consistence, as when derived from a calcified 
cardiac vegetation, it may not fill the vessel, but allow a 
small current of blood to pass it. 

The arrest of the embolus, and the consequent obstruc- 
tion tu the circulation, is followed by the formation of 
secondary thrombi behind and in front of it, which 
extend as far as the entrance of the first large collateral 
vessels. (Fig. 73.) If the embolus does not completely 
fill the vessel, coagulum is deposited in successive layers 
upon its surface until the occlusion of the vessel is com- 
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plete, and then the secondary thrombus extends, as in the 

former case, until it meets with a current of blood strong 

enough to arrest its progress. If the embolus isa portion of 

a soft thrombus, it will in most cases be impossible to dis- 

tinguish it from the secondary thrombus which surrounds 

it. If, however, it is a calcareous 

Fic. 73. mass, or a portion of an old throm- 

bus, it may usually be distinguished 

from the more recent secondary 
coagulum. 

Emboli may, in rare cases, be- 
come absorbed. They may also, 
when derived from thrombi, become 
organised or soften. The changes 
in the secondary thrombi are simi- 
lar to those already described as 
occurring in the primary (p. 234). 

Ge ie ire ceee caiteg ts RESULTS.—The results of em- 
Ree bolism are of two kinds—those de- 
of the Pulmonary Artery. pending uponthe simple obstruction 
—Showing the formation 9 the circulation, and those pro- 
of thrombi behind and ae ee ; ; 
in front of it, and the Guced by irritating, or infective 
extension of these as far properties of the emboli themselves. 
as the entrance of the Ry « infective” is meant—havin 
next, collateral vessels. bs S 
#.Embolus. tt’. Thrombi. the power of setting up in ether 
(Virchow.) tissues, changes similar to those 
going on in the infecting body. 

It has already been shown that embolism can occur only 
in arteries, capillaries, or the portal vein—which differs 
from an artery chiefly in the lower blood-pressure which 
exists init. In the chapter on Anemia (p. 212), it has 
been pointed out that simple obstruction of many artcries 
(as a second or third branch of the mesenteric) or of any 
capillary is practically without effect upon the circulation, 
owing to the ease with which collateral circulation ig 
established ; that, in other cases, there is more difficulty 
in effecting this result, and compensation may never be 
complete; and that, in still other cases, no collateral cir- 
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culation is established, or can be—from the anatomical 
and physiological conditions present. Speaking solely of 
simple, non-infective emboli, their effect when they do not 
disturb the circulation will be limited to the production of 
slight irritation of the vessel where they lodge. Such an 
embolus with its secondary thrombi will usually be ab- 
sorbed or become organised. That aneurisms, especially 
of the cerebral arteries in young people, are often due to 
embolism, is now pretty generally admitted by patholo- 
gists. With regard to the mode in which the embolus 
causes dilatation of the artery, although this may differ 
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Embolic Kidney.—F rom a case of aneurism of the 
abdominal aorta. Numerous small yellowish-white 
patches were seen scattered through the cortices of 
the organs, x 200. 


in different cases, an injurious influence of the embolus 
upon the walls of the artery, and a consequent inflamma- 
tory softening of the weseels is probably the most common 
condition. 

If an embolus obstructs the supplying artery of a part, 
and collateral circulation is not speedily established, cessa- 
tion of function soon follows cessation of nutrition: thus, 
_ plugging of one of the larger cerebral arteries is generally 
followed at once by sudden loss of consciousness and 
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paralysis (apoplexy); embolism of the pulmonary artery 
by sudden asphyxia; or of the coronary arteries, by 
sudden paralysis of the heart. 

When emboli block terminal arteries, the result 1s almost 
always (Cohnheim) that hiemorrhagic infarction which 
has been fully described under Local Anemia (p, 214). 
The exceptions to this rule are due either to the veins of 
the part being valved or thrombosed so that regurgitation 
is prevented, or to the part being so placed that gravity 
favours strongly the return of blood by the veins; in 
which cases the area remains pale and bloodless. An 
apparent exception 1s owing to the existence of fine 
arterial anastomoses with ccrtain of a sct of arteries, 
the great majority of which are really terminal; thus 
anastomoses of the bronchial artery with the pulmonary 
may sometimes ward off infarction in the lung. One 
reason why infarcts are so much commoner on the 
surface than in the substance of an organ is, that in the 
former situation the whole base is almost absolutely cut 
off from collateral supply. 

The subsequent changes which take place in the infarct 
depend upon its size, upon the extent to which the circu- 
lation in it is interfered with, and upon the nature of the 
embolus which caused the infarction. If the infarct is 
small and the embolus possesses no infective properties, the 
coagulated blood gradually loses colour, becoming brown 
or yellow, the tissue-elements degenerate, and absorption 
proceeds slowly. When infarction does not occur, and 
lymph reaches the part in some way from parts around, 
the cells swell, lose their nuclei, and blend—in fact undergo 
coagulation-necrosis (see “ Diphtheritic Inflammation”) 
and thus form the well-known white wedges. The more 
external portions of the mass of coagulated blood and 
necrosed tissue become infiltrated with leucocytes, which 
develop into fibrous tissue; this contracts, and ultimately 
a depressed scar may be all that remains to indicate the 
‘change. If, however, the infarction is considerable, the 
central portions may disintegrate and soften. This may 
subsequently dry up and become encapsuled. For some 
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time, whilst these secondary changes are taking place in 
the infarct, its most external portions are surrounded by 
a red zone of hyperwmic tissue. This is exceedingly 
characteristic. 

But if an embolus is derived from a part where infective 
inflammation is going on, it sets up a similar inflammatory 
process, both in the vessel, within which it becomes 
impacted, and also in the surrounding tissues. ‘These 
septic inflammatory changes lead to the formation of 
abscesses, which are known a8 embolic or metastatic 
abscesses. Microscopic organisms are almost invariably 
found in these abscesses, and it is to them that the infective 
properties of the embolus ‘are probably due. No more 
suitable nidus for their development can well be imagined 
than a tissue in which infarction and necrosis have 
occurred, and which is kept moist at the temperature of 
the body. Infarction, however, is not necessary for the 
formation of a metastatic abscess. If the metabolism of the 
tissue in which the embolus lodges does not destroy the 
organisms, but affords them suitable pabulum, intlam- 
mation will ensue. This subject will be considered 
further in the chapter on “ Septicwmia and Pyzmia.” 

Capillary Emboli.—These generally consist of fat, 
masses of organisms, clumps of white blood-corpuscles, 
pigment-granules, or air. In fractures, cont ions of 
subcutaneous tissuc, ruptures of fatty liver, acute 
osteo-myelitis, and other morbid conglitions in which fat- 
cells are broken up and the fat set free, the droplets are 
absorbed by the lymphatics and veins, especially when 
pressure in the part is increased by inflummatory 
effusion or hmmorrhage. Reaching the right heart, 
they are carried into pulmonary arterioles and capillaries, 
where their presence may easily be demonstrated by 
staining with osmic acid. (Fig. 75.) One by one these 
soft and easily moulded plugs are swept on to the 
left heart, and distributed by the systemic circulation 
to other organs, in which also they may be very 
numerous. For a time, fresh emboli are constantly 
reaching the lungs; but when this ceases the fat-masses 
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are passed on to other organs and eliminated, in part at 
least, through the kidneys. This fat-embolism is believed 
by some to be the cause of death after simple fractures— 
avery rareevent. But,as large quantities offat may exist 
in the Jungs and other organs of animals without causing 
any symptoms whatever, some scepticism is justifiable. If 
a sufficiently large number of the capillaries of the lung, or 
any other organ, be blocked hy fat, its function cannot 
be discharged; and in the case of several organs this 
would mean speedy death. It is probable that the lungs 


Fra. 75. 





Fat-Embolism of Lung.—From bad compound frac- 
ture of Jeg and severe subcutaneous laceration, The 
black masses are drops of fat, stained with osmic 
acid, lying in capillaries and arterioles of alveolar 
walls. x 40. 
always contain, proportionately, many more emboli than 
any organ supplied by the systemic circulation, and it 
has been ascertained that half the pulmonary blood-path 
may be obstructed without disturbing the circulation at 
large (Cohnheim). We must therefore suppose that, 
except, perhaps, in very rare cases, the number of plugged 
capillaries is kept below some point of danger, at present 
undetermined, by passage of the fat on to the systemic 
circulation. 
Clumps of leucocytes form emboli in septic fevers 
(Hiuter); pigment-granules in ague; and air, in entry of 
air into veins. Here, as in fat-embolism, the air-plugs 
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have little effect: death results only from air injected so 
quickly and in such quantity that the blood in the right 
heart is churned into foam, upon which the viscus fruit- 
lessly contracts. — 


THROMBOSIS AND EMBOLISM OF THE BRAIN. 


Thrombosis and embolism are the most common causes 
of cerebral softenings. 

Softening from Thrombosis.—This is commonly the 
result of atheromatous, calcareous, or syphilitic changes in 
the cerebral arteries. Such changes cause a diminution 
in the lumen, or a roughening of the internal surface of 
the vessels ; impair their elasticity and contractility, and 
so favour the occurrence of thrombosis, As a result of 
the interference with the supply of blood, the cerebral 
substance undergoes a more or less rapid process of 
necrosis, such as has been already described (p. 70). 
The softened portions, when recent, and when the 
obstruction is rapidly induced, are often of a reddish 
colour, although with age they gradually become de- 
colorised. In the more gradually induced obstructions, 
the colour of the softened tissue is usually white. 

Softening from Embolism.—The softening resulting 
from embolism is, for the most part, entirely dependent 
upon the obstruction to the circulation eaugd by the 
embolus and by the resulting thrombosis. It is rapidly 
induced, and is often attended by the extravasation of 
blood, when it constitutes one form of acute red softening. 
If the interference with the circulation be slight, there 
may be no extravasation of blood, and the process of 
disintegration may be more gradual, so that the softened 
portions are white in colour, and the condition then more 
resembles the chronic white softening already described 
as resulting from degeneration of the cerebral blood- 
vessels (p. 71). The softened tissue will be white in 
colour also when one of the large vessels is obstructed, so 
that alarge portion of one hemisphete loses its vitality. 
The vessel most frequently blocked is the middle cerebral 
artery, in some part of its course; and in the majority of 
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cases it is that of the left side. In almost all cases in 
which softening of the cerebral substance results from 
embolism, the embolus is arrested in onc of the vessels 
beyond the circle of Willis, because here the circulation 
cannot be restored by the collateral vessels. 

When the interference with the circulation is attended 
by vascular engorgement and extravasation of blood, the 
softened portion, in the early stage, is either of a uniform 
dark-red colour or presents numerous red hemorrhagic 
points. The softening is most marked in the centre, 
whilst the hyperemia and redness may extend for some 
distance around it. Under the microscope, the softened 
portion is seen to consist of broken-down nerve-fibres, 
altered blood-corpuscles, granules of fat, and the large 
granular corpuscles already described. (See Fig. 15.) 
The surrounding capillaries are dilated and filled with 
coagula, and granular corpuscles envelop their walls. 
In a more advanced stage all trace of nervous structure 
is lost, the softened mass becomes decolorised, and passes 
from a dark-red colour to a chocolate, brown, yellew, or 
even white. It may liquefy and form a cyst with a 
fibrous wall; more commonly, however, it is gradually 
absorbed, being replaced by fibrous tissue, which con- 
tracts; and ultimately a cicatrix, with hsmatoidin 
crystals may be all that remains. 

Red softening from embolism is often very difficult to 
distinguish in the post-mortem reom from that which 
results from thrombosis. 


CHAPTER XXVII. 
LEUKAMIA., 


LEUKZMIA, or leucocythemia, is a disease charac- 
terised by a considerable and permanent increase iu the 
number of white corpuscles of the blood, by a diminution 
in the number of the red corpuscles, and by enlargement 
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of some of the lymphatic organs. The lymphatic organ 
most frequently involved is the spleen. ‘This is en- 
larged in the great majority of cases (Splenic Leukemia). 
The enlargement of the spleen is sometimes associated 
with enlargement of the lymphatic glands, and sometimes, 
although much less frequently, with an increase in the 
medulla of bones. In rare cases the’ lymphatic glands 
only are involved (Lymphatic Leukwmia), and cases have 
been described by Neumann and others in which the 
osseous medulla was principally affected. In most 
cases of leukemia an overgrowth of lymphatic tissue in 
other organs occurs sooner or later in the course of the 
disease. 

Leucocytosis.— Before proceeding with the considera- 
tion of leukzemia, it will be well to allude briefly to that 
slight and temporary increase in the number of white 
blood-corpuscles which has been termed ‘“‘leucocytosis.” 
This differs essentially from leuksemia in this respect—that 
the increase in the number of white corpuscles is only 
temporary, and is not necessarily associated with any 
diminution in the number of the red. Further—the in- 
crease is never neurly so great as in leukaemia, more than 
forty or fifty being rarely seen in the quarter-inch field of 
the microscope. Such slight and temporary increase in 
the number of white blood-corpuscles occurs in many 
conditions. Physiologically, 1t occurs after a meal, and 
in the latter months of pregnancy. In many of the acute 
pyrexial diseases, especially in those in which there is 
acute swelling of lymphatic structures, as in typhoid and 
scarlet fever, and im septicaemia, there is often a marked 
excess of white corpuscles. After large losses of blood, 
also, there is an increase. ‘These conditions are only. 
temporary, and do not appedr to interfere either with the 
circulation or with the general health. 

PATHOLOGY.—The pathology of leukamia is still 
exceedingly obscure, and will probably remain so until our 
knowledge of the physiology of the blood and the origin 
and fate of the blood-corpuscles is more complete. Phy- 
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- sinlogically, we know that the white corpuscles originate 
in the lymphatic organs, from which they pass into the 
blood, either directly or through the lymphatic vessels; 
and it is now generally believed that the red corpuscles 
originate from the white, the latter being transformed 
mainly in the spleen. Owing to the enlargement of one 
or more of the lymphatic organs which always exists in 
leuksemia, it has been supposed that the increase in the 
number of the white carpuscles which characterises the 
disease, is due to their excessive production by the en- 
larged organs, such asoccurs in some cases of leucocytosis. 
Inasmuch, however, as there is not only an increase in 
the number of white, but a diminution in the number of 
red, this hypothesis is insufficient to account for the blood 
change. Further—lymphatic organs may become enor- 
mously enlarged without the production of any leuke- 
mia. This occurs, for example, notably in the spleen in 
Splenic Aneemia, which disease, with the exception of 

Fic. 76. the increase in white blood-corpuscles, 
is precisely similar to leukemia; and 
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5 ae also in the lymphatic glands in Hodg- 

; @279¢@ kin’s disease. Although, as already 

DN 2 Roig stated, the subject is still involved in 

eg -i)x much obscurity, the view promulgated 
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2 by Virchow more than twenty years 

Leukemic Blood.— ago accounts most satisfactorily for the 
From a young man hlood-change :—it is that the normal 
aged twenty-four, 4 ‘ ‘ 
with enormous en. transformation of white corpuscles 
largement of the into red is imperfectly performed, so 
Spee reer that not only is the number of 
white increased, but that of the red diminished. It is 
probable that this diminished transformatign of the white 
corpuscles is the most important element in most cases 
of leukemia, although it may be associated with an in. 
creased production. Both the diminished transformation 
and the increased production take place in the enlarged 
lymphatic organs, and all we can say at present in ex- 
planation of the process is, that the function of one or 
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more of these organs is imperfectly performed. The en- 
largement of the lymphatic organs is, with little doubt, 
due to new growth, and not, as has been suggested by 
some, simply to the accumulation within them of the 
white corpuscles which exist in such large numbers in 
the blood. 

HISTOLOGY.—Blood.—The diminution inthe number 
of white corpuscles varies very considerably in different 
cases. A proportion of one white to ten red is quite 
common, and often there are as many as one to three. 
(Fig. 76.) This increase gives to the blood a paler and 
more opaque appearance than natural. In the earlier 
stages of the disease the proportion may not be more than 
one to twenty or forty. The white corpuscles sometimes 
resemble the natural ones, but often they are somewhat 
larger and more granular. This is especially the case in 
splenic leukaemia, whereas, when the lymphatic glands are 
principally affected, many of the corpuscles are usually 
smaller than natural. Some of them are often more or 
less fattily degenerated. 

The red corpuscles, like the white, vary in the diminu- 
tion of their number. They may be reduced to one half 
or a quarter the normal. 
They are usually natural in 
appearance, but sometimes 
they are distinctly paler than 
in health. Occasionally they 
appear to be unusually soft, 
and exhibit a tendency to 
stick together instead of form- 
ing the natural rouleaux. In 
acase of splenic anemia re- Blood from a case of Splenic 
cently under my care these Anemia, “Prom a midile-sgod 
characters were especially the spleen. x 200. 
marked, (Fig.77.) Thediminu- 
tion in the number and the impairment of the quality of 
the red corpuscles, which exist not only in leukemia, but 
in most cases of great splenic enlargement, accounts for the 
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angemia which exists in these conditions. In addition to the 
red and white corpuscles, Klebs and others have found 
nucleated red corpuscles in leukawmic blood; and minute, 
colourless, octohedral crystals of an albumunous character 
have been discovered by Charcot and Zenker in the 
blood and certain organs. The coagulating power of the 
blood in leukemia is much diminished, and when the 
liquid is allowed to stand the white corpuscles form a 
creamy layer upon its surface. 

Spleen.—In this, which is much the most important 
organ in the preduction of leukainia, the change is 
characterised muinly by mereased growth. The organ 
becomes enlarged, and usually enormously so. The 
enlargement is uniform, so that the shape of the organ 
is but little altered. The capsule is often thickened, and 
there are usually adhesions with the adjacent viscera. 
The consistence in the latter stages is commonly distinctly 
firmer than natural. The cut surface is smooth, of a 
greyish or brownish-red colour, and thickened trabecula 
can often be seen marking it as whitish lines. The 
Malpighian corpuscles, although they may be slightly 
enlarged in the earlicr stages of the disease, are seldom 
prominent, and they are often not visible when the 
splenic enlargement is advanced. In exceptional cases, 
however, and especially when the lymphatic glands are 
involved, they may form prominent growths. Sometimes 
wedge-shaped masses, of a dark-red or reddish-yellow 
colour, are seen near the surface of the organ. These are 
probably infarctions of embolic origin. 

When the spleen is examined microscopically, its 
structure is found to be but little altered, the enlargement 
being due mainly to an increase of the splenic pulp. ‘The 
trabecular tissue is also increased and thickened, and 
becomes increasingly so as the splenic enlargement ad. 
vances. The Malpighian corpuscles are but little increased 
in size; sometimes they are atrophied. 

Lymphatic Glands.—The enlargement ofthe lymphatic 
glands is much less in splenic leukwmia than in those cases 
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in which the glands are primarily and principally affected. 
In splenic lenkemia one or more groups of glands are 
slightly enlarged in about one-third of the cases. The 
glands are rarely increased in cousistence, and are usually 


freely movable. On section they are of uw ¢reyish-red 
colour, often mottled with hamorrhages. Microscopically, 


the enlarged glands present a normal structure. 

In some cases this excessive development of lymphatic 
structures takes place in other parts. The follictes of 
the intestine and the medulla of bone are those most 
commonly involved. Inthe intestines, the follicles may 
become so much enlarged as to form distinct projections 
from the mucous membrane, although this is less comunon 
than in Hodegkin’s disease. The enlarged follicles may 
also ulcerate. The medulla of bones is occasionally 
increased, and, as already stated, cases have been described 
in which this tissue was primarily and principally affected. 
Itis increased in quantity and altered in quality. It is 
usually softer than natural, and of a greyish or greyish- 
yellow colour. Microscopically, the fat-cells are seen to 
be replaced to a great extent by lymphoid elements. 

In the course of the disease a new growth of lymphatic 
tissue or an infiltration with lymphatic elements usually 
takes place in tion-lymphatic structures, principally in 
the liver and kidneys, less frequently in the lungs and 
muscle. ‘The new growth in these organs sometimes forms 
distinct tumours, but much more commonly exists as an 
infiltration. How far these lymphoid growths are the 
result of a hyperplasia of the cells in the interstitial tissue 
of the orgau in which they are situated, and bow far an 
emigration of the leucocytes, which exist in such large 
numbers in the blood, takes part in their formation, is 
unknown. The former, however, is probably the most 
important factor in the process. 

The organ which is most frequently affected is the liver. 
Here, in leukwmia, the vessels generally are enlarged and 
distended with white blood-corpuscles. Accumulations of 
corpuscles and lymphoid tissue are seen between the 
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acini, and extending along the intercellular network into 
the acini themselves, so that the lobules are sometimes 
seen to be clearly mapped out by a greyish-white inter- 
lobular infiltration. As this increases, the liver-cells 
become compressed and atrophy, until ultimately the 
lobules may be replaced entirely by it. This is well 
shown in the liver from the case of splenic anemia, the 
blood from which is represented in Fig. 77. (See Fig. 78.) 
Associated with thisinfiltration there 1s often aformation of 





Liver from a case of Splenic Anemia.—Showing the 
extensive cellular infiltration involving the inter- 
cellular network. The organ was greatly enlarged, 
and the new tissue was visible to the naked cye be- 
tween the acini. x 200. 


small, round, whitish lymphoid nodules, somewhat resem- 
bling grey tubercles. These also are situated in the inter- 
lobular tissue. Owing to these changes, the liver becomes 
very considerably increased in size. 

In the kidneys, which are also frequently affected, the 
change is similar to that m the liver, Here also it 
consists for the most part in an infiltration, with which 
may be associated the formation of roundish nodules and 
Masses. 
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CHAPTER XXVIII. 
INFLAMMATION. 


INFLAMMATION may be défined as “the succession of 
changes which takes place in a living tissue as the result 
of some kind of injury, provided that this injury be insuf- 
ficient unmediately to destroy its vitality” (Sanderson). 

The exact nature of these changes has been ascertained, 
for the most part, during the past sixteen years, and 
chiefly by the experimental researches of Cohnheim, 
most of which have been repeated and confirmed by Bur- 
don Sanderson. The method of investigation has consisted 
in the artificial production of inflammation in transparent 
parts of the lower animals, and observation of the process 
thus inluced. The parts employed have been the foot, 
tongue, and mesentery of the frog; the tongue of the toad 
(the best for many purposes), the mesentery of the rabbit, 
and the wing of the bat. ‘These have shown that the 
process is essentially the same in warm- and cold-blooded 
animals ; and’ by microscopic examination of the hp by 
reflected light, Hueter proved that it is the same in man. 
The Process of Inflammation comprises :— 

lst. Changes in the blood-vessels and circulation. 

Qnd. Exudation of fluid and of blood-corpuscles 
from the vessels; and 

ord. Changes in the inflamed tissues. 

Though thus separated for purposes of description, it 
must not be supposed that these changes occur in succes- 
gion in the order in which they are placed; on the contrary, 
they all go on together. 

J. CHANGES IN THE BLOOD-VESSELS AND 
CIRCULATION. —Changes in the blood-vessels and cir- 
culation are essential to the existence of inflammation, 
both in vascular and in non-vascular tissues. In the latter, 
which comprise the cornea and cartilage, they take place 
in the adjacent vessels from which these tissues derive 
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their nutritive supply. Their nature may be studied in 
the mesentery of a frog which has been curarised; and 
they may be thus briefly described :— 

The first effect of injury of the mesentery—mere ex- 
posure to the air being sufficient for the purpose—is to 
cause dilatation*® of the arterics, which gradually extends 
to the veins and capillaries. The dilatation of the arteries 
commences at once, and is not preceded by any contrac- 
tion. It steadily and slowly increases for about twelve 
heurs, and is accompanied also by an increase in the 
leneth of the vessels, xo that they become more or less 
tortuous. Jt affects the arteries chiefly, then the veins, 
and the capillaries but shehtly. This enlargement of the 
blood-vessels is associated at the commencement of the 
process with an aeceleration in the flow of blood; this, 
however, rarely lasts more than an hour, and is followed 
by a considerable retardation in the circulation, the 
vessels still remaining dilated. 

Pulsation is now evident in the smallest arteries ; and 
the stream is slow enough to allow of the distinction of 
qudividual corpuscles in the capillaries and smaller veins 
—perhaps even in the arterioles. ; 

It has, however, long been known that the acceleration 
of the blood-flow in an injured part—the so-callod deter- 
mination of blood, which was so correctly described more 
than tlurty years ago by Dr. ©. J. B. Williams—is not 
constant, and often subsides without the occurrence of 
any of the characteristic phenomena of inflammation. 
Cohnheim consequently states that dilatation of vessels 
withincreased velocity of the blood-current ensuing imme- 
diately after the mtliction of an injury are accidental. In 
some cases they are followed by contraction, after which 
dilatation with slowed stream commences. This dilatation 
with diminished velocity, on the other hand, comes on 
slowly, is constant, and permanent so long as the cause 





* With certain irritants, as ammonia, a short contraction of the 
arterioles may be the first result. 
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acts, and must be regarded as the essential vascular change 
of inflammation. 

Returning to the observation of the frog’s mesentery— 
the retardation of the circulation in the dilated vessels is 
sometimes seen to take place somewhat suddenly, and is 
usually first observable in the veins. As the stream gets 
slower, white corpuscles are scen in increasing numbers in 
the plasmatic layer in the smaller veins-—- rolling slowly 
along, sticking here and there, and finally coming to a 
standstill-—until these vessels are lined by them as with a 
spheroidal epitheliam (see Fig. 79), often more than one cell 
in thickness. Some stick also in the capillaries. Thetime at 
which this occurs varies greatly ; it is the earlier the more 
severe the injury. This narrowing of the veins by layers 
of leucocytes, among which there are no red corpuscles, 
increases the obstruction to the circulation, which becomes 
slower and slower, both on this account and because the 
damaye is becoming greater; and the red corpuscles, with 
some white, accumulate in the capillaries, which appear as 
if distended by a red injection-mass. Actual measurement, 
hawever, shows that they are but little larger than 
natural. After a time, all onward movement ceases In 
the capillaries, and their contents sway to and fro with 
the pulse. ‘This is the stage of oseillation; and it is 
succeeded by that of stasis, in which no movement of any 
kind occurs. Finally, thrombosis or coagulation may 
take place, but not until the capillary walls are dead. 
Thrombosis puts an end to that escape of corpuscles from 
the vessels which will be treated of in the next paragraph. 

Il, BSCAPE OF FLUID AND OF BLOOD-COR- 
PUSCLES FROM THE VESSELS.— The circulatory 
and vascular changes have been described from beginning 
to end, as if they were the only phenomena of inflamma- 
tion. But this is far from being the case. Soon after the 
veins become lined by white corpuscles, the field becomes 
more and more obscured by the presence of small round 
cells in the substance of the mesentery. At even an 
earlier period, though the microscope does not show it, 
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the fluid which naturally escapes from the vessels increases 
greatly in quantity, and changes in quality. So soon as 
the lymphatics become unable to carry it off, it accumu- 
lates in the connective-tissue spaces, and causes swelling 
of the mesentery. These finally become insufficient to 
hold it, and it escapes on the surface together with a 
number of the small round cells. Here a coagulum 
forms consisting of fibrin, small round cells, and some red 
blood-corpuscles. The false membrane can be removed, 
and the field cleared for observation, until another mem- 
brane forms. 

a. Source of the New Cells.—If a small vein 
lined by leucocytes be carefully watched, the following 
changes will be seen—perhaps at once, perhaps not for 
some time. Some of the leucocytes immediately adjacent 
to the wall gradually sink into it, and pass through into 
the surrounding tissues. Various stages of their passage 
may be observed. At first, small button-shaped elevations 
appear on the outer wall of the vessel. These gradually 
increase until they assume the form of pear-shaped bodies 
which still adhere by their small ends to the vessel-wall. 
Ultimately, the small pedicle of protoplasm by which they 
are attached gives way, and the passage is complete, the 
corpuscle remaining free outside the vessel. A similar 
escape takes place, but to a less extent, from the capillaries. 

In most inflammations the escape of white corpuscles 
is far in excess of that of the red; but in the most severe, 
in which stagnation is induced in a large number of 
capillaries, the usual state of affairs may be reversed. 
From such capillaries red corpuscles almost alone pass 
out, occupy the interstices of the tissues, and give the 
exudation a hemorrhagic character; whereas, if the blood 
13 in motion, most red corpuscles pass through the inflamed 
area whilst the stickier white adhere to the wall. Inten- 
sity of injury and vascularity (7.e., number of capillaries) 
determine the proportion of red corpuscles in the exuda- 
tion. They pass out chiefly from the capillaries, and 
several often escape in quick succession from one spot, 
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giving rise to a red spot, visible to the naked cye as a 
punctiform hemorrhage. No rupture of vessel occurs, as 
may be shown by injection. 

Both red and white corpuscles at first remain near the 
vessels whence they have escaped; but they are pushod 
away by other corpuscles, washed away by the escaping 
fluid, and the white corpuscles move away by their peculiar 


power of locomotion. Thus they may ultimately be found 
far from their source. 
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Subcutaneous Tissue some distance above dead part in a 

Case of Spreading Gangrene.—T lrce veins packed with 

leucocytes (/), which are escaping freely. Round the 

artery (below) thcre arc none. Many leucocytes out- 

side the vessels have increased in size. x 200, 

But are white blood-corpuscles the only source of those 
numberless cells of embryonic appearance which crowd the 
tissues in every inflammation other than the most trivial ? 


Virchow advanced the view that they all arose by multi- 
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plication of connective-tissue corpuscles. Dr. W. Addison, 
in 1842, inferred from his observations that leucocytes 
passed through the vessel-walls and became pus-cells; and, 
in 1846, Dr. Augustus Waller actually saw them escaping, 
and described and made drawings of the process. Both 
concluded that the escaped corpuscles became pus-cells ; 
but their observations were unheeded, and it was net 
until the process was rediscovered by Cohnheim, in 1867, 
that escape of blood-corpuscles came to occupy an impor- 
tant place in the pathology of inflammation. Cohnhcim 
now asserts that all new cells formed in the tissues as a 
direct result of mjury, are escaped white corpuscles which 
have migrated to the spot at which they may be found. 
And, in spite of the opposition of Stricker and his pupils, 
proof after proof of the correctness of this view has been 
given. The last stronghold of those who uphold the 
origin of these cells from multiplying connective-tissue 
corpuscles was the non-vascular tissues, and especially 
the cornea. Béttcher showed that after slight central 
injuries of the cornea, which caused no affection of the 
surrounding vessels, the sites of the corneal corpuscles in 
the neighbourhood were occupied by clumps of embryonic 
cells which he believed could have been formed only by 
multiplication of the fixed cells. Cohnheim pointed out 
that the new cells might be leucocytes which bad migrated 
from the conjunctival sac; and Senftleben proved that this 
was their source. With chloride of zinc solution it is pos- 
sible to kill the corpuscles in a small central area of the 
cornea without affecting the marginal vessels, and also 
without destroying the dense anterior corneal lamina ; 
under these circumstances the spot remains clear, and no 
clumps of embryonic cells are found. But, if the spot 
irritated is near the margin of the cornea, the vessely here 
dilate, and it becomes cloudy from infiltration with leuco- 
cytes. And,if to contralinjury not affecting the vessels a 
cut or stitch through the anterior lamina is added, opacity 
results from infiltration of corpuscles from the conjunc- 
tival sac. 
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It will be seen, later on, that all functions of inflamed 
parts are depressed ; itis therefore, d privr/, unlikely that 
the cells of an inflamed part would at once begin to niul- 
tiply. If acornea, or other picce of tissue, of which the 
cells are suspected of multiplication, be cut out, kept for 
days-—to ensure its being dead—then rendered aseptic 
and placed in the peritoneum or subcutancous tissue of a 
living animal, all the appearances of multiphcation will 
be found. Lastly, prolonged observation (8 or 9 days) of 
connective-tissue corpuscles of the toad’s tongue (Dowdes- 
well) has shown the absence of all except degenerative 
changes. Jt seems almost certain, therefore, that Cohn- 
heim’s view js correct—viz., that all new cells found in 
inflamed tissues as a direct result of the injury which 
caused the process are escaped blood-corpuscles. In the 
less acute forms we find also cells which are forined by 
regenerative processes going on inthe cells of the tissues ; 
but these must be sharply distinguished from those of 
inflammatory origin (p. 26). 

6. Bxudation of Fluid.—As before stated, one of the 
earliest effects of the vascular changes in inflammation, 
is increased exudation of fluid. Something of this was 
noted in the microscopic examination of the inflamed 
mesentery, but other experiments show much more. 
Lassar tied a canula into a large lymphatic of each hind- 
lee of a dog, stopped the circulation m one leg, and 
dipped it ito water at 51° C., thereby exciting acute im- 
flammation. On removing the fillet the lymph-stream 
from the canula at once exceeded the normal, and soon 
reached eight times that on the sound side. At first the. 
fluid was clear; but after a time white corpuscles in 
increasing nuinbers made it cloudy, and red corpuscles 
were found in small numbers. Swelling of the foot began 
while the flow of lymph was frec, evidently because the 
exudation was too rapid to be conveyed away by the 
lymph-channels, even when fully dilated. Later in the 
experiment the flow diminished, partly because exudation 
diminished as pressure rose, and partly from coagulation 
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in and blocking of lymphatics. The lymph collected 
differed from the exudation-fluid in mechanical hypereemia 
in containing a much larger proportion of albumen, 
more phosphates and carbonates, and in having a much 
greater tendency to coagulation. This latter property 1s 
partly due to the greater number of white corpuscles 
which it contains. The lymph differed from liquor san- 
guinis in containing distinctly less albuminous material. 
The composition of inflammatory effusion, however, is not 
constant. In the most acute inflammations it contains a 
large number of red corpuscles; in less severe, white 
corpuscles are in great excess of red. The more severe the 
process, the more nearly does the fluid approach plasma 
in its composition and tendencies; whilst in the less 
severe it becomes very like the fluid in mechanical 
hyperemia. 

lll. CHANGES IN THE INFLAMED TISSUES.— 
It has now been determined that no increased activity, no 
multiplication of tissue-elements, occurs as a part of the 
process of inflammation ; but that, on the contrary, the 
process leads everywhere to depression of vitality, dege- 
neration and death. The destructive effect of many 
inflammations renders this tendency only too obvious. 
Lister long ago gave the following proofs of depressed 
vitality in an inflamed part from the earliest stages :— 
The blood tends to behave as it does in contact with 
dead tissue; very slight irritation paralyses the pigment- 
cells of the frog’s skin; more severe injury paralyses 
muscular fibres, for a dilated artecriolein an inflamed area 
will not contract when a needle is drawn across it; ciliary 
action becdmes excited, and speedily ceases under irrita- 
tion; the superficial, feebler epidermic cells die and 
separate after slight injury, which the deeper ones survive. 
Lister’s views as to the nature of inflammation were at 
the time rejected, because they would not fit in with the 
cellular theory of Virchow, which required increased 
activity on the part of the tissues. 

The belief that the cells in inflamed tissues originated 
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by multiplication of the tissue-eloments was supported by 
the fact that clumps of small round cells were always 
found in the positions normally occupied by the tissue- 
corpuscles. But these lie in spaces, and migrating 
leucocytes naturally take the easiest course open to them 
and invade these spaces. This is proved by the insertion 
of aseptic pieces of dead tissue into the subcutaneous 
tissue or peritoneum of a living animal; all the appear- 
ances of inflammation will be produced in it, though 
obviously its own cells cannot have multiplied. 

When Senftleben, with chloride of zinc, destroyed all 
cells in the centre of a cornea without admitting any 
white corpuscles to the area, the part remained quite 
clear. On the third day microscopic examination showed 
that the corneal corpuscles around the damaged area were 
shooting processes into it; nuclei appeared on the pro- 
cesses, protoplasm collected around them, and branched 
cells formed, which again threw out regeucrative pro- 
cesses ; and thus the corneal corpuscles were completely 
restored. Had leucocytes been admitted to the corneal 
tissue, controversy would have arisen as to whether they 
also did not spring from the corneal cells by multiplica- 
tion; but, inflammatory phenomena being prevented, the 
regenerative processes could be studicd alone. In other 
tissues also regenerative processes occur—the more resis- 
tant elements endeavouring to make good the loss sus- 
tained by the tissue; but such attempts are found only in 
chronic and subsiding inflammations. In these we must 
be prepared to find evidence of cell-multiphecation, but not 
as a part of the process of inflanimation. Injury, which 
causes and fosters the latter, tends to prevent the occur- 
rence of regeneration ; the more intense the inflammation, 
the less likely is evidence of regeneration to be found. 

THE ESSENTIAL LESION OF INFLAMMATION. 
—Having thus briefly described tht succession of changes 
which occur in the process of inflammation, it remains to 
consider how an injury can produce them. It has been held 
to cause abnormal conditions of the blood, of the tissues, 
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of the nerves, and of the blood-vessels. On one, or other, 
or all of these parts it necessarily must act. 

Lister (“On the Early Stages of Inflammation,” Phil. 
Trans., 1858) showed that an irritant did not act through 
the blood, for momentary approximation of a hot iron 
could affect but a very small quantity of this fluid. More- 
over we can see the circulation going on normally round a 
microscopic inflammation, whilst corpuscles entering this 
region tend to stick to each other and to the vessel-walls 
(p. 261); but, if they get through the part, they go on 
towards the heart quite normally. Further, blood drawn 
from an inflamed areca behaves exactly like that from 
other parts, 

The tissue-elements are certainly affected in cases due 
to obvious external injury, but not necessarily, as shown 
by Cohnheim’s experiment of rendering a part anemic, 
washing ont its vessels with irritating solutions, and then 
allowing blood again to flow through the part; when all 
the phenomena of inflammation ensued. It is therefore 
possible to produce inflammution by injury of the vessels 
alone ; on the other hand, Senftleben’s experiments on the 
cornea (p. 263) show that injury of a non-vascular tissue 
which does not at the same time affect vessels, is not 
followed by the phenomena of inflammation. 

Sensory and vaso-motor nerves must often be affected 
by irritants, and no doubt have their share m producing 
those variations in calibre and ilow which often precede 
the essential phenomena of inflammation. But as all 
these Jatter occur with perfect regularity in a part of 
which everything except the main artery and vein are 
divided, nerves cannot be regarded as essential to the 
process. 

There remains, then, only the vessel-wall. That this 1s 
affected is shown by the facts that all the early phenomena 
of inflammation are vascular; thatinjury of vessels alone 
(Cohnheim) causes these phenomena; that injury of tis- 
sues alone (Senftleben) does not cause them. Further, 
Ryneck has shown that stasis may be produced in the 
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frog’s web in which milk or defibrinated blood is circulat- 
ing in place of normal blood; and also that in vessels, the 
vitality of which has been completely destroyed by the in- 
jection of metallic poisons, nou such stasis can be produced. 
In all spontaneous inflammations the cause is probably 
carried to the part by the blood, and acts first upon the 
vessels, later upon the tissues. 

Later investigations have therefore confirmed Lister’s 
conclusion in 1858—viz., that the essential lesion of mflam- 
mation was a change in the vessel-wall resulting from 
an injury, which increased the friction naturally offered to 
the passage of the blood, and was a step towards death. 
There is no detectable structural alteration of the vessel, 
however, so Cohnheiin speaks of the change as “ mole- 
cular,” and regards it as possibly chemical in nature. To 
cover all that we now know of the escape of fluid and 
corpuscles, it is necessary to assume that the molecular 
change not only increases the friction between the blood 
and the vessel-wall, but also that it renders the latter 
more porous. 

EXPLANATION OF THE MICROSCOPIC PHE- 
NOMENA OF ADVANCING INFLAMMATION .— 
When contraction of arterioles is the first effect of an 
irritant, it is probably due to its action as a direct stimu- 
lant of the vessel-wall. 

Dilatation with acceleration of flow may probably 
occur in two ways. Irritation of a sensory nerve is well 
known to cause dilatation of the arterioles in its own 
area of distribution, but heightened arterial tonus else- 
where. The action of an irritant not sufficiently intense 
at once to directly affect the vessels, will stimulate the 
sensory nerves and cause thus reflex local dilatation. The 
arterioles dilate and, the blood-pressure being maintained, 
admit a larger quantity of blood than normal to their 
capillaries, which cannot dilate proportionally. The. 
blood-pressure in the capillary areas is, ceteris paribus, 
increased as the cross-section of the supplying arterioles 
increases. Under these circumstances acceleration of 
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stream will accompany dilatation of vessels. The walls 
of the latter, being uninjuted, may contract after such 
dilatation. But Cohnheim found that the same phe- 
nomena occurred in the frog’s tongue, after section of 
everything except the lingual arteries and veins. They 
are then due, perhaps, to direct action of the irritant upon 
the vessel, impairing the contractility of its muscle, but 
not injuring the endothelium severely. Dilatation of 
arteries diminishes the resistance, injury of endothelium 
increases it. Ifthe former is in excess of the latter, the 
above phenomena will occur. They are not seen in severe 
injuries, nor from the slow action of croton-oil on a part. 

Dilatation with Retardation of Flow.—RKetardation 
soon follows upon acceleration, though the driving force 
continues unaltcred and no contraction of vessels has 
occurred. Almost the only conceivable cause of slowmg 
is, therefore, increased local resistance, due to alteration 
in the vessel-wall. It is one of the results of the 
molecular change. Resistance, and therefore retarda- 
tion, increases with the alteration of vessel-wall until 
stasis and even thrombosis are reached. 

Escape of Contents of Vessels.— Normally, the vessels 
permit the escape of the constituents of healthy lymph, 
cerebro-spinal fluid, the Huid which moistens the pleura, 
&c, These differ trom cach other markedly, and we do 
not know why; but directly an inflammation sets in the 
normal fluid of the part is changed in proportion to the 
intensity of the process (p. 265)—the quantity of albumen 
rises, the tendency to coagulate increases, white corpuscles 
appear 1n increasing numbers, red are found in the exu- 
dation still later, and are in great excess in the most 
severe forms of tlie disease. All this is attributed to the 
molecular change, which renders the passage out of 
albuminous (colloid) bodies more easy, as has been shown 
by injecting solutions of such bodies; though the vessels 
bore the normal blood-pressure without bursting, even 
after red corpuscles had escaped. The words migration 
and diapedesis are unfortunate, insomuch asthe blood- 
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corpuscles seem to take no active part in their escape. 
Amocboid movements of red corpuscles are unknown, and 
have never been seen in the white whilst within the 
vessels. The forms assumed by the latter during their 
escape suggest that they are forced through by the pres- 
sure of a fluid which is also escaping. This is supported 
by the fact that active migration is at once stopped by 
compressing the supplying artery. It must not be 
supposed that they are forced throngh by (nereased 
blood-pressure ; this is diminished in the capillaries and 
veins of an inflamed area im proportion as the circulation 
is slowed by the unusual resistance which it has had to 
overcome. Cohnheim uses the term “filtration” to de- 
scribe the process; he says, “ Change of filter means 
change of filtrate.” The practical application of the above 
is either to lessen arterial pressure in inflamed parts, or to 
counterbalance it by uniform support of the tissnes. 

Destruction of tissue is due to the damage done to 
the elements of the part by the injury, to abnormal 
physical and chemical conditions from exudation, and to 
imperfect blood-supply in the more advanced stages. 
It is doubtful whether the leucocytes actually destroy 
tissue; perhaps their only function ig the removal of 
parts which are dead. 

EXPLANATION OF THE CLINICAL SIGNS OF 
INFLAMMATION.— These are Redness, Heat, Swell- 
ing, Pain, and Impaired Function. 

Redness and Heat may be taken together, as depend- 
ing upon the quantity of blood passing through the part 
ina unitoftime. <Asarule, this is greater than normal, 
the excess being most marked in the early stage of the 
process, when the part is bright-red and hot. Then its 
vessels are fully dilated, and the resistance hut lttle in- 
creased. As the resistance grows, from more marked 
molecular change and from pressure of increasing exuda- 
tion, the quantity of blood passing through the part is 
diminished. Cohfiheim measured the blood returning 
through both femoral veins after inflammation had been 
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exerted in one foot of a dog. At first the delivery on the 
injured side was excessive, sometimes more than twice 
normal; but when diffuse suppuration or sloughing was 
induced, the dehvery becume markedly less than normal. 
Coldness must go with such a state of matters; and the 
part will be bluish if its vessels are dilated and full, but 
mottled or pale if they are compressed by exudation. In 
most inflammations the internal and external resistances 
to the circulation are not sufficient to counterbalance 
the dilatation, and the blood-pressure is kept up; conse- 
quently, the delivery from the veins remains excessive 
throuchout, and the part 1s red and hot. Both redness 
and heat may be coucealed by thickness of normal tissues 
over the inflamed part. Au inflamed foot may be several 
degrees hotter than its fellow, butit is never so hot as the 
rectum: aninflamed pleura is never hotter than its fellow, 
but may be colder. The rise of temperature is due merely 
to more rapid circulation of arterial blood: excess of heat 
is not produced in the part. Increased nutritive exchange 
is required to produce heat; depression of function, de- 
generation, death and absorption, have not this effect. 

Swelling, beyond the inost trivial, due to dilated ves- 
sels, ariscs from cxudation of fluid and corpuscles. It 
may be entirely owing to fluid, as in hydrocele; or en- 
tirely owing to small round cells, the fluid having been 
absorbed, as in orchitis. It varies in amount with the 
distensibility of the part, bemg most marked in such as 
the scrotum and cyclids, least so in bone. When due to 
fluid (cedema) the affected part *‘ pits,” unless it is very 
tensely stretched. Swelling from cell-infiltration is firm, 
does not pit, and is sometimes called “solid oedema.” 
Swelling may be absent in cases of slight inflammation, 
in which the lymphatics suffice to carry away the in- 
creased exudation. 

Pain is due to pressure of the effusion on nerve- 
endings; perhaps also to chemical irritation of them. It 
is greater the more sensitive and the more rigid the part, 
and the more rapid the effusion into it, as is seen in 
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acute suppuration in a digital tendon-sheath. It is 
often throbbing from the increase of tension with each 
heart-stroke. 'The effect of pressure in producing pain 
is well shown by allowmg an inflamed part to hang 
down. 

Impaired function is due to the fact that every tissue 
is injured by inflammation. 

VARIETIES OF INFLAMMATION.— The process 
of inflammation is always that which has been described 
on pp. 258-266, no matter what injury may have been its 
cause; but we find, both experimentally and clinically, 
that the exudations produced by injuries of different in- 
tensity acting for different periods of time, vary sufficiently 
to allow of a useful classification upon this basis. It will 
be remembered that the first effect of injury as regards 
exudation was to increase the quanity of fluid which 
escaped from the vessels, and to render it more albumi- 
nous; then, whilst the rise in quantity of albuminous 
constituents continued, leucocytes appeared in increasing 
numbers, and the fluid becamie more aud more coagulable ; 
with the leucocytes came wa few red corpuscles, and these 
in the most intense inflammations, were vastly in excess 
of the white. These differences in the exudation may be 
found in passing from the spreading edge towards the 
centre of an inflammation such as that which constitutes 
spreading traumatic gangrene. ‘lhere is no break in the 
continuity of its production; the passage from serous to 
hemorrhagic occurs gradually and part passw with in- 
creasing intensity of the injury. Consequently, the 
following “ varieties” are to be regarded simply as steps 
in the process of inflammation due to variations in (1) the 
resisting power of the tissues, (2) the intensity of the 
cause, and (3) the duration of its action. 

Serous Inflammations.—<As a result of slight injury, 
the normal transudation from the vessels is increased in 
quantity, and contains excess of albumen, but very 
few leucocytes. Consequently, it does not coagulate or 
only a few flakes form. The best examples are chronic 
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effusions into serous cavities—the pleura, joints, or tunica 
vaginalis (hydrocele). An effusion of the same kind 
occurs also in the substance of a part, constituting 
“inflammatory ocdema.’’ Such a part is swollen, “ pits’’ 
on pressure (unless very tense), and the tissue is found to 
contain excess of fluid. In impoverished states of the 
blood, especially when the albumen is diminished, inflam- 
matory cxudations, even when tho process is of consider- 
able intensity, are liable to be serous. In more intense 
inflammations also, where the emigration of blood-cor- 
puscles is not fully established, as in the earlier stages 
of the process, and when the injury to the vessels, although 
severe, 1s rapid and transient in its action, as that caused 
by heat and blistering agents, the effusion is often a clear 
and only shghtly coagulable quid. With more severe 
damage the percentages of albumen, fibrinogen and white 
corpuscles increase, and fibrin forms in increasing quan- 
tity. Networks of fibrin are frequent in the meshes of 
inflamed connective tissuc; and large flakes of it may 
come away in otherwise serous effusions. These inflam- 
mations are called sero-fibrinous and lead on to the next 
class. 

Fibrinous Inflammations.—In these the exudation 
is still more richly albuminous and contains more leuco- 
cytes; 1t consequently has a much greater tendency to 
coagulate, and “lymph” forms on the inflamed surface or 
in the substance of the inflamed tissue. The proportion 
of fluid to lymph present in the inflamed part should be 
small to justify this name. The most typical examples 
are found on serous membranes. On the surface of the 
visceral pleura, for example, an irritant produces redness 
from dilatation of vessels ; then follows exudation of fluid 
and leucocytes, and fibrin forms upon the surface entan- 
sling leucocytes in its meshes. Fibrin containing leuco- 
cytes constitutes “lymph;” the white corpuscles may be 
very numerous, or but few may be distinguishable in a 
granular or obscurely fibrillated matrix. Lymph may 
now form upon the opposed surface of the parietal pleura, 
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which becomes infected from the original focus, and the 
two patches blend. This is the first stage in the formation 
of an “ adhesion” —17.e., a band of connective tissue between 
the two surfaces. Juymph, formed in exactly the same 
way, is the temporary uniting medium in healing by the 
first intention; and it is similar lymph which “ glazes” 
the surface of an open wound a few hours after its inflio- 
tion. In these cases the fluid escapes from the free 
surface. A similar exudation occurs into connective 
tissue as a result of chronic slight irritation ; the fluid is 
apparently absorbed as fast as it escapes; fibrin probably 
forms, but is soon removed by the agency of leucocytes 
which crowd the tissue and replace those parts of it 
which have been destroyed by the primary injury and 
the process excited by it. Snch an inflammation may 
end in absorption—some leucocytes wandering into lym- 
phatics and re-entering the circulation ; others, together 
with the fibrin, undergoing fatty changes and forming an 
emulsion which is similarly absorbed. 

Productive Inflammations.—In many cases the in- 
flammatory process ends in the formation of new tissue 
—inflammatory connective tissue; and the inflammation 
is then said to be productive. In this case any fibrin 
present disappears before the leucocytes which crowd into 
the lymph and convert it into a tissue of closely packed 
leucocytes in a scanty homogeneous matrix. To supply 
this with nourishment, vascular loops spring from the 
capillaries of the inflamed tissue and penetrate into the 
lymph in all directions; this is granulation-tissue— 
the presence of vessels and of a homogeneous instead of 
a fibrinous matrix constituting the difference between 
it and lymph. It derives its name from the fact that on 
the floor of a healing ulcer, which consists of this tissue, 
the young cells mass themselves round the apices of 
capillary loops, all of which project towards the surface ; 
and we thus get the floor made up of rounded pro- 
jections, about the size of a pin’s head, which are called 
“‘eranulations.” (See Fig. 82.) The plentiful yormation 
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of vessels is essential to the changes which this tissue under- 
goes in the production of connective tissue. In healing 
wounds, new vessels have been found protruding from 
adjacent capillaries by the end of the second day 
(Wywodzoff). 

The development of granulation tissue into connective 
tissue has been studied by Ziegler, who placed chambers 
formed of two slightly separated cover-glasses, in the 
subcutaneous tissue of dogs, and removed them at vary- 
ing periods. Up to the fifth day they contained round 
cells—some with one, others with a bi- or tri-partite 
nucleus; then there appeared cells twice the size of 
leucocytes, containing a large vesicular nucleus, slightly 
contractile, and capable of taking particles into their sub- 
stance. ‘These are often called epithchoid—a bad name. 
Ziegler speaks of them as formative-cells or fibroblasts, 
because from them all new connective tissue develops. 


Fia. 80, 





Varieties of new Growth resulting from chrome Infiam- 
mation of Connective Tissue. A, an adenoid, LB, a fibroid, 
structure. x 200. 


As they increase in number those with divided nuclei 
disappear, so it is probable that the fibroblasts feed upon 
degenerating leucocytes. After the twelfth day giant- 
cells in increasing numbers were found, formed apparently 
at the expense of cells in their neighbourhood—either by 
their coalescence or by their degeneration and absorption 


INFLAMMATION, 277 


by a single cell. |Many giant-cells degenerate, but some 
may develop into connective tissue. This tissue is thus 
formed :—the fibroblasts assume very various shapes— 
pyriform, spindle, and branched—and are closely packed 
in a homogeneous intercellular substance. The protoplasm 
of many cells, on the sides of the nucleus and in the pro- 
cesses, fibrillates, and by the union of bundles from 
different cells and by spread of the process to the inter- 
cellular substance, we get wavy, intercrossing fasciculi 
of fibres, to which adhere some of the nuclei of the original 
cells with a little protoplasm. (Fig. 80.) 

This new connectiye tissue is called inflammatory or 
sear-tissue. At first it is highly vascular, a recent scar 
being redder than the surrounding parts; but the tendency 
to contract is characteristic of this new fibrous tissue, and 
as this proceeds vessels disappear and the scar, in the 
course of some weeks or months, becomes white as com- 
pared with surrounding parts. This contraction of scar- 
tissue may produce most serious results, such as the 
gravest deformities, or atrophy of the essential epithelial 
elements of glands. (See ‘‘ Interstitial Nephritis’” and 
“ Cirrhosis of Liver.’’) Itis most marked where the tissues 
are loose, as about the scrotum ; and it appears to be essen- 
tial to the process of healing, which ceases in a callous 
ulcer of the leg, so soon as infiltration of surrounding 
tissues and adhesion to deeper parts arrests contrac- 
tion. A scar is always a weak point in the system, but 
a tight scar is always irritable and very liable to break 
down. 

But granulation tissue frequently does not develop 
into scar-tissue. Continuance of excessive irritation, 
insufficient development of vessels, diminution of their 
lumina (as occurs in gummata), too dense packing of the 
cells, and therefore excessive pressure on the vessels, 
will inevitably lead to degeneration. It has been found 
that imperfect blood-supply is accompanied by the deve- 
lopment of giant-cells ; they are found in all truly chronic 
inflammations. Thus the typical structure of a tubercle 
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is—a giant-cell in the centre, surrounded by formative 
(epithelioid) cells, whilst outside these is a ring of ordinary 
leucocytes. In gummata, lupoid nodules, &c., similar 
structures are frequent. A section through the thickened 
synovial membrane in a case of chronic arthritis often 
shows the following appearances :—Externally, we find 
ordinary granulation tissue, perhaps developing into scar- 
tissue ; passing towards the joint cavity, we find next a 
layer of formative cells in which giant-cells become 
increasingly numerous; yellow spots and patches of 
tatty degeneration now become frequent, and the surface 
may be composed of granular débris in which cell-forms 
are no longer distinguishable. <A. fluid looking like thin- 
nish pus may occupy the cavity; 1t contains, however, 
but few ‘pus-cells, consisting really of fatty granules, 
formed by degeneration of the superticial cells, suspended 
in fluid. This is chronie “ suppuration” in the knee, and 
chronic “ abscesses” of similar nature may form elsewhere, 
especially in connection with bone (caries of vertebra, 
&c.). On the other hand, excessive irritation or rise in 
intensity of the original irritation will destroy some of the 
cells of granulation tissue and will produce inflammation 
of it with free escape of corpuscles from its vessels—will 
cause it in fact to “ break down into pus.” This is best 
seen when the surface of a healing aseptic ulcer, having a 
serous discharge only, 1s acted on for some time by a strong 
antiseptic ; the discharge becomes purulent. - 

Interstitial is the term applied to inflammations of 
solid organs of which the manifestations he chiefly in the 
connective tissue; they may be acute, running on even to 
suppuration, but as a rule they are ordinary productive 
inflammations: In parenchymatous inflammations the 
epithelial elements of the organ show the most marked 
changes. ‘These are probably of a degenerative and 
necrotic nature, mixed up with regenerative processes. 
The essential lesion of the inflammation must, of course, 
ke of the vessels in the connective tissue. 

Suppurative Inflammation,—This is a very common 
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form. In it the exudation contains the same elements 
as in the fibrinous exudation; the peculiarity of the 
process is that no coagulation occurs, no lymph forms 
and vascularises ; but any lymph which may have formed 
at an earlier stage of the inflammation is destroyed when 
suppuration sets in. The irritant is more intense than 
that required to produce a fibrinous inflammation, and it 
is essential that its action be prolonged. Serous and 
fibrinous stages often precede the suppurative, showing 
that they are minor grades of the process. 

Suppuration may occur in the tissues in either a cir- 
eumscribed (abscess) or a diffuse form, or its seat may 
be a free surface—mucous membrane or skin. In the latter 
case, when the epithelium is destroycd with more or less of 
the subjacent tissues, the process is called wleeration, but 
when the deeper layers of the epithelium remain, it is a 
purulent catarrh. 

Formation of an Acute Abscess.—When a suitable 
irritant acts upon a certain spot of (say) connective 
tissue, escape of fluid and corpuscles, chiefly white, begins, 
the corpuscles lying in greatest numbers round the small 
veins (see Fig. 79) which constitute foci of round-celled 
infiltration. The infiltration becomes increasmgly denser 
and spreads by migration and transportation of corpuscles 
until the various foci blend. As a result of the primary 
injury and of the secondary nutritive disturbance, the 
tissue-elements die, soften and disappear before the leu- 
cocytes. ‘These he so thickly in the centre of the patch as 
to scem to be almost in contact, whilst they quickly 
become few and far between in the surrounding tissues. 
In the centre no vessels are to be seen, they have first be- 
come thrombosed and then have softened and disappeared 
like the other tissues. No new vessels form. From mutual 
pressure and from absence of nutrition, the central cells die 
and degenerate together with the intercellular substance. 
Thus is formed a cavity, bordered by still living infiltrated 
tissue, which contains dead leucocytes, fluid intercellular 
substance and exudation, and a few living cells which have 
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recently migrated from the living tissues. By thrombosis 
of vessels and molecular disintegration of the cells they 
supply, by migration of corpuscles and exudation of fluid 
into the newly formed space the process spreads, and 
always in the direction of least resistance—generally 
towards some free surface, upon which the abscess bursts. 
We should find on section of the wall of a spreading 
abscess all the stages of inflammation—a proof of the pro- 
longed action of the cause. In the centre, necrosis; and, 
in succession as we pass outwards from this, thrombosis, 
stasis, retardation of flow diminishing, and perhaps giving 
place to acceleration, before the normal circulation is 
reached. With retardation begins exudation ; much of 
the flnid is taken off by lymphatics, but the corpuscles 
accumulate in increasing numbers, and red join the white 
outside the vessels as the centre is approached. This 
account explains how it is that we are led to the belief 
that suppuration has occurred when over a deep-seated 
swelling we find redness, heat, and odema—siens of an 
advancing inflammation—developing. 

An acute abscess almost always extends until it 
bursts or 1s opened; then tension, a great canse of the 
continuance of the inflammation is relieved, and the pus 
formed escapes together with its original cause. If the 
cavity 18 completely drained and kept at rest, and the 
irritation of putrid discharges prevented, the round-celled 
infiltration of the walls speedily vascularises, and they 
become lined by granulatron tissue. This grows and 
blends across the cavity, which is perhaps rendered 
potential by falling together of the walls; and then it 
develops into scar-tissue, and thus the abscess is healed. 

Diffuse suppuration is exactly the same process going 
on over a wide area. It is often more intense than when 
circumscribed, and it is by no means uncommon to find 
shreddy sloughs in the pus—molar death having been the 
effect of the injury on some portions of tissue. 

Pus from a person healthy but for a simple abscess 
(laudable pus), is a thick, creamy, opaque, yellow-white 
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fluid, slightly viscid, having a faint odour, alkaline re- 
action, and specific gravity 1030-1033. It contains 10-15 
per cent. of solid matter, of which two-thirds are albumen, 
and the rest fatty matter and salts, such as are found in 
blood. On standing it separates into a dense yellow layer 
—pus-corpuscles, and a clear supernatant fluid—lhiquor 
puris. The reason why this exudation does not coagulate 
is unknown. 

Pus-corpuscles are spheroidal bodies about »;1;,;th inch 
‘In diameter—semi-transparent, more or less granular, 
motionless, and usually con- 


taining a bi- or tri-partite . Fie. 81. 

nucleus, the segments of a 3 
which together are no larger & 3) (2) 
than the original nucleus. 
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multiplication and of growth. x 400, 

But a small minority of 
the cells have exactly the appearance of leucocytes, and 
perform amoeboid movements. ‘These are the more 
recently escaped cells. Acetic acid clears up the cells, 
and renders obvious the often obscure nucleus (lig. 
81). 

It is noteworthy that pus has no power of absorbing 
sloughs or sequestra; living cclls are required for this. 
A bit of bone, even an ivory peg, surrounded by granula- 
tion-tissue will be slowly eroded ; but 1t may be in pus for 
months without losing weight, and suppurationis not likely 
to cease until it is removed. The prevention of suppura- 
tion is therefore to be aimed at in all cases of necrosis and 
of retention of foreign bodies (especially absorbable hga- 
tures) In wounds. 

Sometimes, though rarely in the case of an acute 
abscess, after some pus has formed the irritation becomes 
so slight that granulation tissue forms round the fluid, 
and develops into fibrous tissue. The pus may loitg 
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remain encapsuled, its corpuscles breaking down into 
fatty débris; but as a rule the fluid part is absorbed, and 
a more or less dry, cheesy-looking mass, consisting of cell- 
débris and cholesterine crystals, is left in the capsule. 
The mass may calcify. Such collections may lie harmless 
in the tissues for years, and finally become the centres of 
fresh suppuration. These changes are much more common 
in chronic abscesses. 

Ulceration.— We have seen that suppuration in the 
substance of tissues produces molecular disintegration of 
them; as a rule no distinct slough is found in pus. The 
same molecular destruction eating away the tissues on a 
free surface constitutes ulceration. Under the action of 
an irritant the superticial layer of the skin becomes 
soaked with fluid, and leucocytes escape in numbers from 
the vessels and wander even into the epithelial cells, where 
they seem to have arisen by endogenous multiplication. 
Under these circumstances the superficial cells do not 
become horny, and are easily brushed off ; or the original 
irritant may have destroyed their vitality and cohesion, 
and they are washed away by escaping fluid. The 
rete is now exposed, and irritation of the deeper tissues 
more easy by slight friction, contact with chemical irri- 
tants, putrid discharges, &c. The inflammatory process 
becomes more intense, the escape of fluid and leucocytes 
freer, and stasis and thrombosis occur here and there. 
Death of portions of the papillary layer and of the cover- 
ing epithelium follows, they disintegrate rapidly and come 
away in the discharge. The process spreads by the pro- 
duction of limited stasis and death of tissue; if the stasis 
is at all widespread, a visible slough will result. It is 
common, indeed, to see tags of dead tissue adherent to the 
floor of a spreading ulcer; more intense irritation will at 
any time render them larger—transform them into 
“ sloughs.” Ulceration passes insensibly into gangrene 
as death becomes too rapid to permit molecular disinte- 
gration of the dead parts, as they form, by degeneration 
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and the action of leucocytes. The discharge in the spread- 
ing stage consists of leucocytes and débris of broken-down 
tissue suspended in fluid. Like the edge of advancing 





A Granulating Surface.—a. Layer of pus. b, Granu- 
lation-tissue with loops of blood-vessels. ¢. Com- 
mencing development of the granulation tissue into a 
fibrillated structure, x 200. (Rindfleiseh.) 


suppuration, the margin of a spreading ulcer exhibits all 
the stages of inflammation, from the mildest to the pro- 
duction of molecular death. An abscess is often described 
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as a closed ulcer. When the causes of the inflammation are 
removed, the round-celled infiltration of the floor increases 
and becomes vascularised into granulation tissue (Fig. 82). 
Sloughs are thrown off by the eating through of their 
connections with living parts, and soon the base becomes 
cavered with ‘“ granulations” (p. 274). These are bright 
red, slightly raised, rounded elevations, about the size of 
a small pin’s head, and consist of cells grouped round a 
capillary loop. They contain no lymphatics and no nerves, 
are not tender, and do not bleed readily. Departure from 
this type indicates disease of the granulations. 

The granulation tissue grows either by multiplication 
of its cells, or, as some think, by vascularisation of leu- 
cocytes, which continue to escape from the newly formed 
vessels, under the irritation of exposure, dressings, &c. ; 
and it replaces such loss of tissue as has occurred. At the 
same time all infiltration is removed from the edges, and 
they sink gradually into the’ base, Epithelium now shoots 
in from the epithelial cells at the margin, and three zones 
can often be distinguished here—an inner, dry, red zone, 
where the cells are one or two thick; then a wider blues 
zone where they are thicker, but where no horny cells 
exist ; and lastly, an opaque white ring of sodden horny 
epithelium. The deeper layers of the granulation tissue 
are meanwhile becoming scar-tissue, contracting and 
drawing together the edges of the sore, so the epithelium 
has less and less to cover; and finally the whole surface 
is skinned over, and all granulation tissue is converted 
into fibrous tissue. Contraction goes on even after this, 
and the resulting scar is very much smaller than the 
original ulcer. 

Heemorrhagic Inflammation.—This form of infilam- 
maton is characterised by an exudation in which red 
corpuscles are in great excess. Red corpuscles are the 
latest to escape of the contents of vessels which we can 
watch whilst they are subjected to the action of an irritant. 
In a case of spreading traumatic gangrene, under the 
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care of Mr. Boyd, the tissues a short distance above the 
actually gangrenous part were crammed with red corpuscles 
showing that the vessels could hold none of their dontents 
(Fig. 83); higher up there was a free escape of leucocytes, 
and of a sero-fibrinous effusion (Fig. 79); and higher 
still was effusion of simple serous fluid. Of course, the 
injury may be so intense as to cause free escape of red 
corpuscles from the capillaries at once. The fluid which 
soaks the part in these cases is usually thin, and more 
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Deeper layer of Cutis and Subcutaneous Fat a short 
distance above the dead part ina case of Spreading Gan- 
grene.— Vhe interstices of the tissues are eramiuned 
with red corpuscles and a few white. ¢.é, Connective 
tissue; f. fat-cclls; r.c. red corpuscles, x 200. 


or less deeply blood-stained. The greater the number of 
capillaries present in a tissue, the more likely is an exu- 
dation to be hemorrhagic; severity of injury is the other 
factor. There are generally many red corpuscles present 
in the exudation of acute pneumonia. The free escape of 
red corpuscles shows that the capillary stream in the 
part is reduced to a minimum, that the injury done to the 
tissue is a very grave one, and that stasis, death, and 
thrombosis are impending. Too often obvious gangrene 
is the termination of such inflammation. 
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TERMINATIONS OF INFLAMMATION.—1. Re- 
solution.— This, the most frequent and most favourable 
termination of inflammation, consists in the cessation of 
the process and the restoration of the part to health. 
For this to occur, it is necessary, first, that the exciting 
cause be removed ; next, that the walls of the blood-vessels 
be restored to their normal condition, in order that ab- 
normal transudation may be arrested; and, lastly, that 
-all exudation be removed, and killed or damaged tissue- 
elements regenerated. This restoration will obviously 
be more easily effected in the carlier than in the more 
advanced stages of the inflammatory process. But re- 
solution even of stasis sometimes occurs, and may be 
watched under the microscope. The corpuscles of the 
stagnant blood move off, one after another, till a slow 
stream is re-established through the inflamed area; the 
flow quickens as resistance lessens and as the vessels con- 
tract, owing to gradual recovery of their muscular coats; 
exudation, first of corpuscles, then of fluid, ceases; and 
the circulation* again becomes normal. Serous, sero- 
fibrinous, and productive inflammations in their early 
stages are those which end in resolution; once normal 
tissue has been replaced by granulation tissue or scar- 
tissue, or has been destroyed by suppuration, ulceration, 
or gangrene, resolution is impossible. A normal condi- 
tion of the walls of the blood-vessels 1s dependent upon 
the proper circulation of the blood through them and the 
vasa vasorum. Whatever, therefore, favours the re-esta- 
blishment of normal circulation in the inflamed area will, 
as pointed out by Cohnheim, favour resolution. 

The last element in resolution is the removal of the 
inflammatory products—fluid, and corpuscles. These are 
removed mainly by the lymphatics; but after restora- 
tion of the circulation, absorption is carried on to some 
extent by the veins also. In the later stages of the process 
any unabsorbed blood-corpuscles or fibrin undergo fatty 
degeneration, and thus the complete removal of the in- 
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flammatory products is much facilitated. (See “Grey 
Hepatisation.”) The process of Regeneration will be 
described later. 

All conditions interfering with the lymphatic or vascular 
circulation, such as the pressure exercised by a large 
effusion in a serous cavity, or by arichly cellular exudation . 
in a. lymphatic gland, must retard resolution. (See 
‘*Caseation” and “ Scrofulous Inflammation.) Inter- 
ference with the lymphatic circulation tends especially to 
prevent absorption, interference with the circulation in 
the blood-vessels to prevent that restoration of those 
vessels to a normal condition which is necessary to arrest 
the continued transudation. 

2. Necrosis.—Inflammation may terminate in death of 
the inflamed tissue. Inasmuch as inflammation is always 
due to injury, the process 1s probably accompanied, in 
all but its slightest forms, by death of tissue-elements 
(Weigert) ; carcful microscopic examination may be neces- 
sary to detect this. Clinically, we do not speak of necrosis 
unless obvious death of tissue has occurred, and generally 
en masse (gangrene), as distinguished from the molecular 
destruction characteristic of suppuration and ulceration. 

The more severe the injury, the longer its period of 
action, and the feebler the resistance of the tissues, the 
more likely is necrosis to result. It may be produced in 
the following ways :— 

1. By severe injury acting on a part, not killing it at 
once, but by continued action producing inflammatory 
disturbance of the circulation ending in thrombosis. The 
tissues are affected by the injury equally with the vessels, 
and suffer also from the circulatory disturbances. 

2. By an irritant conveyed to the part by the vessels, 
affecting them primarily, and inducing the above changes 
in them. The tissues are affected sccondarily, both by the 
irritant and by the circulatory disturbance. 

3. By pressure of inflammatory exudation, fluid or solid, 
rapidly or slowly strangulating the supplying vessels; as 
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in sloughing of skin from tense codema, necrosis of tendons 
in whitlow, death and degeneration of cells in chronic 
inflammations. Death is more likely to be produced in 
this way when the exudation occurs in unyielding parts, 
especially into bone; here death of the exudation before 
the bone is completely eroded means death of the bone 
and formation of a sequestrum. 

Some causes of inflammation always lead to gangrene 
—eg., those of carbuncle, malignant pustule, hospital 
gangrene. Such inflammations are sometimes called 
gangrenous, or necrotic. 

The ulcerative powers by which a slough or sequestrum 
is detached has already been described (p. 30). 

The Diphtheritic is a special variety of necrotic inflam- 
mation. It affects the surfaces of mucous membranes 
and wounds. It finds its type in the inflammation of the 
pharynx and adjacent parts, which characterises the 
disease ‘‘diphtheria.” In this the affected mucous mem- 
brane is covered by a more or less firmly adherent “ false 
membrane,” of grey or yellow colour (sometimes looking 
hke clot from presence of red corpuscles), generally rather 
tough, but sometimes quite pulpy. Microscopically, it 
seems to consist of a close network of fibrin, containing 
here and there leucocytes in the meshes; but the deeper 
part of the membrane consists of what look lke flakes 
of coagulated albumen. The epithelium is completely 
destroyed, together with more or less of the sub-epithelial 
tissue. These false membranes, however, resist much 
more strongly than fibrin the action of reagents—e.g., 
acetic acid; and Weigert states that they are formed by 
*‘ coagulation-necrosis” of the epithelial and connective 
tissue elements. Certain of these cells are killed by the 
injury, and Cohnheim supposes that in dying they give 
origin to a ferment and toa body like paraglobulin, which 
unites with the fibrinogen of lymph—a hypothesis sup- 
ported by the fact that the diphtheritic process occurs 
only in parts freely supplied with lymph, and is arrested 


INFLAMMATION, 289 


by suppuration, as the formation of fibrin is. When 
affecting only the epithelial layer of the larynx, the 
disease is called “ croup.” 

A similar pathological change may occur on any mucous 
membrane—e.g., conjunctival (diphtheritic conjunctivitis), 
intestinal (dysentery). These are infective inflammations ; 
but simple injuries, like scalds, will produce the same 
anatomical change. The existence of a diphtheritic 
membrane by no means implies the poison of diphtheria 
as its cause. 

Such membranes must be distinguished from those 
really formed of lymph. 

3. Wew Growth.—1nflammations ending in new growth 
are the so-called “productive” inflammations (p. 274). 
For this to occur the inflammation must reach the fibrin- 
ous stage, it must endure for some time, it must not pass 
on to suppuration, and the blood-supply must be plentiful. 

ETIOLOGY OF INFLAMMATION .—[t must always 
be remembered in considering the’mode of production of 
an inflammation that there are two factors in the process— 
the cause and the tissues which it acts upon. We have 
learnt (p. 18) that tissues may either inherit or acquire an 
impaired power of resisting injury; in this case a pro- 
portionally slighter cause will be required to produce the 
same result. 

With regard to the nature of the cause—it is always 
some mechanical, chemical, or physical agent which 
injures the vessel-walls, and generally the other tissues 
also. These agents, if of sufficient strength and continued 
for a sufficient time, would produce death of the part, and, 
short of this, they produce changes towards death. 

Etiologically, inflammations may be divided into simple 
or traumatic, and cryptogenetic, including (a) septic, 
and (8) infective. 

1. Simple or Traumatic Inflammations.—These are 
those due to the action of some obvious, injurious agency, 
such as mechanical violence, the action of caustic and 
irritant chemicals, of excessive heat or cold, of electri- 
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city strong enough to produce electrolysis of the fluids 
of the part, or of prolonged local anzemia and conse- 
quent privation of blood. It is characteristic of inflam- 
mation from these causes alone, that it has no tendency 
to spread beyond the part originally injured nor to pass 
on to more advanced stages after the cause has ceased to act. 
Every one knows how slight are the inflammatory changes 
induced by very severe subcutaneous injuries, smashing 
bones, opening up joints, &c.; but in Man these are almost 
the only cases in which all other causes are excluded. In 
animals experiments have furnished us with other proofs. 

Hiiterinjected a five-per-cent. solution of nitrate of silver 
or of chloride of zinc into muscles and other tissues of 
animals, quite killing the part acted on. In a large 
number of the cases no sign of inflammation was found 
in the surrounding tissues. Other experiments were made 
by plunging a cautery into a muscle (Hallbauer) and 
bringing the previously divided skin together over the 
injury, antiseptics being used. Only such changes 
occurred round the eschar as take place in the absorption 
and replacement by fibrous tissue of a simple infarct. 
Here, then, we have examples of the most severe 
mechanical, chemical, and physical injuries killing con- 
siderable masses of tissue, and yet inflammation does 
not advance beyond its earliest stages. In each case the 
irritant, though intense, is fairly localised in its action, 
which is of short duration. Certain parts are absolutely 
killed by it, and the area around these, which is damaged, 
is & very narrow one. So soon as the noxa has ceased 
acting the tissues tend of themselves to recover ; hence 
inflammation excited by such causes as the above is at its 
height very soon after the action of the irritant, and 
tends soon to subside unless some fresh irritant is intro- 
duced, A chemical irritant may enter the body at a 
distance from the part at which its chief action takes 
place; thus alcohol taken by mouth causes cirrhosis of 
the liver, and turpentine or cantharides inflammation of 
the kidneys, by which organs these drugs are eliminated. 
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Under this heading come inflammations which are 
referred to cold and wet—“rhcumatic’’ and “ reflex” 
infammations. When a man gets conjunctivitis from 
the action of a draught through a keyhole upon his eye, 
the relation between cause and effect is easily comprehen- 
sible; but it is not so easy to understand why a neuritis 
of the facial should ensue from exposure to cold whilst a 
great thickness of superficial tissue seems uninjured. 
But this difficulty becomes much greater when internal 
organs (lungs, kidneys) become inflamed, apparently in 
consequence of cold acting upon the surface, of wet feet, 
&c. Pneumonia, which appeared to be an example of this, 
secms likely to prove an infective disease. On this view, 
any effect produced by cold can be regarded only as 
predisposing. We know that surface-cold drives the blood 
to internal organs and raises the blood-pressure ; can this 
produce inflammation P Lassar plunged rabbits into iced 
water and thoroughly chilled them; he found changes in 
all the organs, especially the lungs and liver, in which the 
arteries were thrombosed and patches of round cells lay 
about the veins; the same changes were noted in foetal 
organs when the animals were pregnant. He believed the 
changes to be due to the irritant action of cooled blood 
upon the vessels of internal parts. Perhaps something 
of the same kind may occur in man, and a locus mimoris 
resistentia must be assumed to explain why the kidney 
in one case, the lung in another, is affected. Frequent 
exposure to cold might then well be regarded as a cause 
of chronic nephritis; for the temporary albuminuria 
induced in some people by a cold bath shows that the 
kidneys become much congested. 

It is held by some that excessive functional activity 
is a direct cause of inflammation—conjunctivitis from 
overwork being the usual example. 

Nervous Influence, too, called into action by irritative 
lesions of nerve trunks, is regarded as a direct cause; 
herpes zoster being the favourite instance. The data are 
not yet suflicient to decide the question. 

u 2 
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Many irritants of the above class act once for all, and, 
if severe, generally for a short time only; but slighter 
forms may act constantly or frequently—as a foreign body 
lodged in the tissues, alcohol, or cold. But, speaking 
generally, none of the irritants of this class acting under 
natural conditions produce suppuration. If intense, 
the animal soon gets away from them; whilst those 
which do not cause pain are not sufficiently intense 
to cause suppuration, no matter how they act. Nitrate 
of silver injected forms an albuminate, and probably 
soon ceases to irritate; butif glass capsules of croton- 
oil or turpentine, which are not thus neutralised, are 
placed aseptically in the subcutaneous tissue and the 
capsules broken when the wound is healed, suppuration 
results, and no organisms are found in the pus (Council- 
man). <A condition hke this rarely or never arises in man ; 
in him we must Jook among the next classes for the 
causes of suppuration. 

2. Cryptogenetic Inflammations.—In a very large 
number of the inflammations met with in practice there 
has been no obvious mechanical, chemical, or physical 
injury. Until recently the causes of such were obscure, 
and they have hence been called cryptogenetic, a better 
name than idiopathic. In the chapter on Vegetable 
Parasites evidence has been given which proves that 
some, and renders it probable that all, of these inflamma- 
tions are due to the action of various fungi. These may 
act either as mechanical or as chemical irritants— 
essentially, therefore, they produce inflammation in 
the same way as do the gross lesions which have 
been mentioned as causes of simple inflammation. But 
the living and particulate nature of these poisons confers 
upon the processes to which they give rise so many pecu- 
liarities, besides that of obscurity of origin, that they are 
best treated of separately. 

Fungi, by their growth in animal fluids, keep up a 
continuous supply of the products of their life-action so 
long as the conditions are suitable for their development. 
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When the products are irritant, necrosis, or some form of 
inflammation, will result in the tissues with which they 
are in contact. The result will vary with the quantity 
and intensity of the irritant, and the duration of its 
action. Other features in the morbid process are due to 
the rate and mode of spread of the organism through the 
tissues. With regard to the quantity of the poison—the 
fungus may grow freely or with difficulty, according as 
the conditions are favourable or unfavourable; m the one 
case there will be much, in the other little, poison pro- 
duced. The resistance of the tissues to the same poison 
varies; hence the variations in intensity of the same 
disease—e.q., erysipelas. Different fungi give rise to pro- 
ducts varying enormously in their power of injuring the 
tissues—some producing actual gangrene, others the 
various degrees of inflammation in either an acute or 
chronic form. It is for the production of those forms of 
inflammation which require the steady action of an irri- 
tant that the fungi are so peculiarly suited; for, so long 
as they can grow, a continued supply of irritant is kept 
up. If the irritant is tolerably intense, suppuration is 
induced, just as it was by croton-oil (p. 292); the strong 
irritant kills the leucocytes soon after their escape, and in 
some unknown way prevents the formation of fibrin. If 
the irritant is less intense, the early stages of productive 
inflammation (p. 275) results, ay in tubercle, leprosy, 
farcy. The characteristic lesion of these and some other 
diseases is a tumour-like inflammatory nodule developed 
round a spot, as there is reason to believe, at which para- 
sites have lodged, and whence they may spread and infect 
neighbouring and distant parts. These lesions are there- 
fore spoken of collectively as the Infective Granulomata, 
a name signifying infective tumour-like formations of 
granulation tissue (Ziegler). 

With regard to the rate and mode of spread in the tis- 
sues—some fungi cannot live in healthy tissues at all 
(non-pathogenic) ; of the pathogenic, some spread only by 
continuity of tissue, others find a suitable nidus in lymph, 
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and therefore spread by lymphatics (soft chancre poison), 
whilst others again enter the blood-stream and are carried 
everywhere by it (Bacillus anthracis). It is in this way 
that the so-called metastatic inflammations are probably 
to be explained—e.y., the secondary abscesses of pyszemia 
which constantly contain organisms,the orchitis of mumps, 
the albuminuria which so often complicates certain 
specific diseases. Unless organisms settle at certain spots 
they cause no local irritation ; but it by no means follows 
that they can develop and excite irritation wherever they 
may lodge. 

a, Septic.—Of non-pathogenic organisms, those which 
cause ordinary putrefaction are of great importance as 
causes to intlammation. The term septie should be hmited 
to inflammations of thiskind. Whena purely mechanical 
injury, such as a simple fracture, is complicated with a 
wound which does not heal by first intention and is not 
treated antiseptically, more or less profuse suppuration, 
perhaps spreading widely from the seat of injury and 
inducing necrosis, results. Often the discharges and 
sloughs .become obviously putrid as the inflammation 
develops; and the microscope reveals in them Bacterium 
termo and other organisms, especially micrococci. The 
chemical products of these fungi are the cause of the in- 
flammation; and, if pent up under any pressure in the 
wound, they are driven into lymphatics and connective- 
tissue spaces, exciting inflammation, going on even to 
sloughing. In tissues thus killed, the non-pathogenic 
organisms may grow, exciting fresh decomposition in the 
immediate vicinity of living parts, and thus the process 
may spread. If all discharge is druined away as fast as 
it forms, and if there are no sloughs upon the surface of 
a wound, there will be nothing for a non-pathogenic 
organism to develop in; for lymph must be regarded as 
living. Free drainage is not, however, always obtainable, 
nor can sloughing always be prevented; we must there- 
fore prevent the access of organisms to the dead material 
by the use of antiseptics about the wound, by filtration 
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of the air through cotton wool, &c. When this is done 
the course of an open wound is like that of a subcuta- 
neous injury. 

' A wound is a spot through which pathogenic organisms 
frequently enter the body, septic discharges being ap- 
parently suitable media for their development. Practically 
it is found that a wound guarded from putrefaction is 
protected also from infective organisms. 

8. Infective.—Pathogenic Organisms cause inflamma- 
tion by penetrating intoliving tissues, and causing irritant 
decomposition of their fluids. Their mode of penetration 
and other facts concerning their life-histories are given in 
the chapter on Vegetable Parasites ; as also are the inflam- 
mations of which they are believed to be the cause. They 
are called infective because their poisons multiply in the 
tissues and spread or are conveyed to neighbouring 
(locally infective) or distant (generally infective) parts in 
which they set up similar processes. Simple and septic 
inflammations are non-infective. Peculiaritics in the 
poisons (probably in the life-requirements of the fungi) 
impart those peculiarities to the inflammations to which 
they give rise, by which the latter are recognised; and 
these peculiarities are constant. Such inflammations are 
called specific, because they arise from specific causes. 


CHAPTER XXIX. 
THE INFECTIVE GRANULOMATA. 


Tue infective granulomata, which include tubercle, 
lupus, syphilis, glanders and farcy, leprosy and actino- 
mycosis, have many analogies with tumours. They all 
consist of cells, varying between lymphoid and giant 
cells in size, lying in a scanty matrix; and the collection 
of cells presents to the naked eye a more or less defined 
outline. The lesions therefore resemble sarcomata in 
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structure. Many of them develop without any obvious 
cause, and are accompanied by no signs of inflammation ; 
they often persist for long periods, rarely undergoing 
absorption or development into a permanent tissue, but 
‘often degenerating early ; and lastly, most lesions of this 
kind have an infective power, disseminating poison by 
‘both blood and lymphatic vessels. In all these respects 
the above-mentioned new formations resemble malignant 
tumours, but they differ from them etiologically. In the 
case of some we know, and there is good reason in all for 
believing, that the tumour-like nodules are products of 
chronic inflammation, excited by the growth of organisms 
at certain points in the tissues. Irritation is maintained 
so long as the fungi grow, and therefore the processes are 
often chronic. Vascularisation is imperfect or absent, so 
degeneration is the rule. Infection of other parts is due 
to spread of the organism, not of the new cells, from the 
primary focus. 

The above diseasos are as specific as the ‘‘ acute speci- 
fics.” Their essential lesions necessarily have a decided 
resemblance ; but the primary seats, modes of generalisa- 
tion, modes and times of degeneration, and the clinical 
symptoms, establish the most distinct diseases, The 
transmissibility from person to person of syphilis and 
glanders 1s well known; experimentally tubercle can be 
transmitted, and the clinical evidence in favour of the 
communicability of this disease and of leprosy is getting 
stronger. Actino-mycosis has been transmitted from man 
to animals. The name adopted for the group originated 
with Virchow, and is used by Ziegler. It seems better 
than any other to express the nature of the lesions— 
tumour-like bodies, consisting of granulation tissue, and 
locally or generally infective. 


TUBERCLE AND TUBERCULOSIS. 


By “tuberculosis” is understood an infective disease, 
which is characterised anatomically by the formation of 
those small nodular lesions known as tubercles. ‘The 
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distribution of these lesions may be more or less general— 
acute general tuberculosis ; or they may be limited to 
small areas—e.g., synovial membrane of a joint or a pleura 
—localtuberculosis. The latter, as a rule, runs a much 
more chronic course than the former, and perhaps its chief 
danger is, that it may serve as a focus for general infection. 

Waked Eye Appearances.—Tubercles are divided 
into grey and yellow, the latter being later stages of the 
former. Grey, or miliary tubercles (grey granulations), 
are greyish, semi-translucent, rounded bodies, varying 
from just-visible points to nodules the size of a pin’s 
head, or sometimes larger. YWellow tubercles are gene- 
rally larger—sometimes forming masses the size of a 
‘cherry or small walnut, and softer than the grey. In 
some cases most of the tubercles present are grey, whilst 
in others all are yellow; but it is frequently possible to 
trace every stage in the formation of a yellow from a 
grey nodule. atty degeneration commencing centrally 
is the main cause of the difference between them. The 
larger masses of yellow tubercle are formed, not by growth 
of individual tubercles, but by the origin close together of 
several tubercles which blend. It is often possible to 
recognise a narrow gelatinous zone, which consists of 
undegenerate tubercles round the cheesy mass, and tu- 
bercles may be seen radiating from the cheesy focus into 
the surrounding tissues. 

seats.—The mucous membranes—respiratory, alimen- 
tary, and genito-urinary—and the serous membranes are 
very commonly affected; so also is the pia mater. The 
dura mater, the ependyma, and the endocardium rarely 
suffer. Of the organs—tubercles are frequent in the 
lymphatic glands, lungs, liver, spleen, kidneys, and testes ; 
less common im the brain and spinal cord, adrenals and 
prostate; rare in the heart, salivary glands, and pan- 
creas; very rare in the mamma, ovaries, thyroid, and 
voluntary muscles. They have often been found in skin 
and bone. They occur especially in childhood and 
early adult life, but no age is exempt. 
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Fie. 84. 





A Multinucleated Cell from the Lang ina Case of Chronic 
Phthisis,—Slhowg the large uumber of nuclei with bright 
nucleoli, x 400, 


Fia. 85. 





A Multinucleated Cell from the Lung in a Case of Chronic 
Phthisis.—Showing the long branched processes, which 
are continuous with the reticulum of the surrounding 
indurated growth. Some of the processes are in connexion 
with smaller nucleated elements. x 200. 
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Histology.—On examining microscopically even the 
smallest visible tubercle, it 18 found to be formed by the 
aggregation of more minute bodies, each of which as a 
rule contains the following elements -—Centrally, either 
one or more multinucleated giant-cells (Figs. 84 & 85), 
or some granular débris surrounded by giant-cells ; 
outside the giant-cells are usually, but by no means 
invariably, seen large cells with big nuclei and granular 
protoplasm, often called epithelioid cells; and outside 
these again there is a zone of lymphoid elements, which 
has no definite external or internal limit. The giant- 


Fig. 86, 





Multinucleated and Branched Cells from a firm Grey Mili, 
Tubercle of the Lang in a Case of A cute ubepeuleae Wide 
meshes are secn in the immediate vicinity of the cells : 
closing a few lymphoid elements, The branched roce ne 
are directly continuous with the reticulum of tie, fubukcls: 


x 200. 


cell or cells in many cases send off processes which 
anastomose and form an open network (Fig. 86), in 
which the other cells, especially the epithelioid lie 
The lymphoid cells are commonly contained in the 
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meshes of a homogeneous or more, or less fibrillated 
reticulum, which, in some cases, especially in slowly 
developed lesions, is well marked (Fig. 87), in others is less 
prominent, whilst in others again is entirely wanting. 


Fic. 87. 





A portion of a Grey Miliary Tubercle of the Lung.— 
Showing the reticulated structure often met with in 
these nodules. x 200, 

The above elements are just those which Ziegler found 
between his glass plates in chronic inflammations 
(p. 276). There is nothing specific in any one of them—i.e., 
no tubercle cell, as was formerly supposed ; but the larger 
forms are commoner in tubercle than in other chronic inflam- 
mations—perhaps because tubercles arc non-vascular. 
In the pia mater, it is true, tubercles are generally found 
upon one side of or surrounding a small vessel, lying 
within its sheath, and often occluding its lumen; and 
sometimes compressed vessels can be scen lying between 
the outermost cells. But no new vessels are formed, 
and those natural to the part, unless they are of some 
size, are soon occluded by pressure. It will be remem- 
bered that the development of giant-cells in inflammatory 
exudations occurred inversely as the development of 
ve’sels ; and that imperfect vascularisation led to those 
degenerative processes which are so characteristic of 
tubercle. Muihary tubercles are so small that they may 
well be nourished for a time by surrounding vessels. 

A non-vascular nodule of the above structure is the 
anatomical characteristic of tubercle, and it is not micro- 
scopically distinguishable from the products of other very 
local chronic inflammations. Nor can it be said to be even 
constant. For, especially in acute cases,soon ending fatally, 
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some of the tubercles may consist of small round cclls*-no 
epithelioid or giant-cells having developed; and in the 
lung the alveolar epithelium often enters largely into 
the constitution of the lesions. Tubercles visible to the 
naked eye will, however, generally consist of aggrega- 
tions of nodules of the above structure. (See lig. 97.) 

The virus of tubercle does not always produce nodules. 
Laennec divided tubercular lesions into the nodular and 
the infiltrating. In the latter case a diffuse inflam- 
mation is found, and microscopic examination shows the 
presence of numerous non-vascular collections of cells, 
not aggregated into visible nodules, but separated by an 
ordinary round-celled infiltration. The presence of the 
ordinary tubercles in a tissue always excites more or less 
inflammation, as is best seen in serous membranes. 

The sources of the cells in tubercle have been the 
subject of much controversy, some maintaining that they 
are the results of hyperplastic processes among con- 
nective tissues (endothelium of lymphatics and scrous 
membranes, adventitia of vessels, ordinary connective 
tissue), others that they are, or develop from, white 
corpuscles. Ziegler’s experiments incline us to the 
belief that the latter are the true sources. But the 
irritation is so slight that regenerative processes may go 
on in the more resistant cells of the part, and in the 
ungs multiplication of epithelium takes place freely. 
Giant-cells are stated by Klein to originate in the lung 
from the alveolar epithelium. Cheyne also asserts that 
in the lungs and liver both epithelioid and giant-cells 
are formed from epithelium as a rule; but the endo- 
thelium of the lymphatics may also give rise to 
them.* , 

Not long ago tubercle was supposed to arise in lym- 
phoid tissue, but the above statements show that many 
doubt its origin even in connective tissue. 


* Practitioner, April, 1883, p. 310, 
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SECONDARY CHANGES.—Tubercle invariably un- 
dergoes more or less retrograde metamorphosis, although 
the extent of this varies considerably, and in some cases 
the nodules may becomedeveloped into an imperfect fibroid 
structure. ‘I'he occurrence of retrograde metamorphosis 
is mainly owing to the obliteration of the blood-vessels 
which accompanies the growth of the lesions. The 
change commences in the centre of the nodule, this being 
the part first developed, and consequently that which 1s 
the furthest removed from vascular supply. The nodule 
breaks down into a granular fatty débris, so that its 
central portions soon become opaque and yellowish. 

(Fig. 88.) In some cases the 

Fig. 88. process of disintegration is 

rapid, whilst in others it is 
more gradual. It is usually 
most marked in the larger 
and more diffused lesions, 
and hence it is these lesions 
which are most commonly of 
a yellow colour and soft con- 

One of the Grey Nodules from sistence (“yellow tubercle”). 
the Lung in a Case of Acute In other cases the retrograde 
Tuberculosis, which ts becoming change is less marked, the 
(oie ananatie in the centre. veticulum of the nodule be- 

comes denser and more fibroid, 
and although the imperfect fibroid tissue usually ulti- 
mately undergoes, in its central parts, more or less fatty 
metamorphosis, the nodule may remain as a firm fibroid 
mass. ‘This occurs more especially in the smaller lesions. 
The extent and rapidity of the retrograde change depends, 
‘I believe, partly upon the intensity of the infective pro- 
cess, and partly upon constitutional conditions. The 
existence of scrofula favours retrograde changes in tuber- 
culous lesions, as it does in all inflammatory products, 
and it is in those who are markedly scrofulous that 
tubercle undergoes the most rapid degeneration. (See 
*“‘Scrofulous Inflammation.”) These changes will also be 
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influenced by the intensity of the infective process. The 
more intense the process the greater 1s the tendency to 
the degeneration and softening of the nodules, the less 
intense and more chronic, the more lable are the miliary 
lesions to become fibroid. 

The retrograde changes of the tubercle may lead to 
caseation, calcification, or softening. The occurrence 
of softening in superficial lesions, as of the skin or mucous 
membrane, causes the destruction of the covering tissue 
and the formation of an ulcer. The products of the 
tubercular process escape and the ulcer may heal; but 
very frequently the destruction of tissue is kept up by 
the formation and softening of new tubercles in the base 
and round the margins of the ulcer. When this process 
of softening takes place in the substance of an organ, a 
tubercular abscess results, as is often seen in lymphatic 
glands, spinal caries, &c. Softening of tubercular masses 
in the lung gives rise to cavities. 

Recovery of a part may therefore occur, with loss of 
substance, by means of the fibroid change or by the heal- 
ing of a tubercular ulcer. On the other hand, tubercular 
processes may directly lead to death by generalising, or 
by exhaustion from profuse and prolonged discharge, 
coupled with lardaceous degeneration, or indirectly by open- 
ing the way for the infective diseases of wounds— pywmia, 
erysipelas, &c. 

ETIOLOGY AND GENERAL PATHOLOGY.— 
Some twenty-five years ago, Buhl, who had noticed the 
very frequent presence of one or more cascous foci In cases 
of general tuberculosis and who had described also the 
local infection which often occurs round such foci, pro- 
mulgated the view that a poison capable of giving rise to 
tuberculosis was generated in the process of caseation of 
the products of some simple intummation, Caseation 
was essential to, and was the cause of, the development of 
the virus. From the centre of its development, the in- 
fective material might spread to the neighbouring parts 
or to parts at a distance. : 
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In 1865 Villemin placed tubercular material beneath 
the skin of rodents, and general tubercle developed; he 
believed, therefore, that tuberculosis was a discase due to 
a specific poison contained in the foci of the disease. His 
experiments were repeated hy Cohnheim and Frankel, 
Wilson I'ox, Sanderson and others, who found that tuber- 
culosis could be induced, not only by the inoculation of 
cheesy material which was not tubercular, but also by 
inducing simple inflammation by the insertion of setons, 
of vaccine virus, bits of cork, paper, &c. Sanderson, how- 
ever, concluded that nothing induced tuberculosis with 
such certainty as material taken from an undoubtedly 
tubercular source. 

Klebs pointed out the possibility of the contamination 
of the supposed simple material by tubercular, for at 
that early date precautions were not very stringent. It 
is probable, too, that in many cases where septic materials 
were used that the process induced was pyaemic. 

In proof of the truth of Klebs’ objection, Cohnheim 
failed to obtain positive results in Kiel and Breslau, his 
previous experiments having been made in the patho- 
logical institute at Berlin; and Frankel also failed in a 
private house in the same city. Whilst inoculation of 
non-tubercular material into the anterior chamber of the 
eye failed invariably to induce tuberculosis, the inocula- 
tion of tubercular material produced tubercles in the iris 
and in the body at large a little later.* Tappeiner and 
others caused animals to inhale tubercular material* and 
they became tuberculous. These and other facts caused 
many to regard tubercle as a specific infectious disease ; 
Cohnheim adopted the view warmly.t 

Many of those who held this belief suspected that the 
virus was a vegetable parasite and searched for it. Klebs,t 


* Coknheim and Salomonsen: Virchow’s Archiv, 1xxxii. p. 358, 
¢t “D. Tuberkulose v. Standkunkt d. Infectionslehre,” 1879, 
t Prag. Med, Wochschr., 1877. 
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Schiiller,* and Toussaint+ cultivated a coccus form from 
human tubercle and produced tuberculosis by inoculation 
of animals with it. Schiller found these cocci in chroni- 
cally inflamed synovial membranes and lupus-tubercles. 

Aufrecht{ stated that the centres of tubercles consist, 
not of cascous material, but of cocci singly and in chains 
and of narrow rods, half as long again as broad, stained by 
fuchsine (in too weak a solution to stain Koch’s bacillus). 

The next publication was Koch’s paper.§ By a special 
process of staining he first demonstrated the constant 
presence of peculiar bacilli in eleven cases of acute tuber- 
culosis, twelve of cheesy broncho-pneumonia, one of 
tubercular nodule in the brain, and two of intestinal 
tuberculosis in man. Ten cases of perlsucht, and cases of 
spontaneous tubercle in monkeys and other animals were 
investigated with a like result; and finally the bacilh 
were found in a large number of rodents and five cats 
artificially infected. As proving that the tuberculosis 
resulted from the inoculation and was not accidental, we 
have the invariable coincidence; the more rapid develop- 
ment of the artificial than of the spontaneous tuber- 
culosis; the early infection of the glands nearest the seat 
of inoculation, whereas the bronchial glands usually en- 
large first in spontaneous disease; and, lastly. control- 
experiments in which animals were treated exactly as 
inoculated animals were, but no living bacilli were intro- 
duced—no tuberculosis occurred. 

Finally, the bacilli were cultivated at 37°-38° C. in blood 
serum sterilised and rendered solid by a special process ; 
after passing through many flasks, these bacilli suspended 
in distilled water and injected, produced tuberculosis as 
surely as the original material. 


* “2D, Skroph, u. tuberk. Gelenklciden,” 1880, 
+ “Comptes Rendus,” 1881, 
t “ Path. Mittheil,” 1881. 
§ “D. “tiologie d. Tuberkulose:” Berl, Klin. Wochschr,, No, 15, 
1882, 
x 
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These results have been fully confirmed, especially by 
Cheyne,* so the proof appears to be complete. 

With regard to the cocci found by previous observers— 
they have not been found by the most eminent workers in 
the field of micro-organisms ; and Cheyne, who obtained 
material from Toussaint for a full investigation of his 
results, was unable to confirm them in the slightest degree. 
On the contrary Koch’s B. tuberculosis was the only 
organism he could demonstrate in tubercles artificially 
induced by Toussaint. 

Weare therefore justified in believing that B. tuberculosis 
is the cause of all tubercular processes. Its presence, at 
least in the early stages, rather than any anatomical struc- 
ture, must be the essential characteristic of tubercle. 

Characteristics of Bacillus.—The bacillus is 2-6 pz 
long, very thin (ith-4th length), motionless, rounded at the 
ends, and generally appears beaded—clear spots (4-8) alter- 
nating with stained parts. They are usually straight, but 
may be curved; they occur singly, but sometimes in pairs, 
They probably multiply from spores only within the 
body. As a rule, they are found in the cells of the 
tubercle, especially giant-cells. They are well shown here 
in the accompanying drawing, made from a specimen 
kindly lent me by Mr. Watson Cheyne. (Fig. 89). 

Growing only at high temperatures (30°-41° C.), they 
probably do not multiply outside the body, but live a 
wholly parasitic life. They are destroyed by boiling, by 
perchloride of mercury solution, and carbolic acid; but 
they resist the action of a 1 per 1,000 solution of the per- 
chloride and a 5 per cent. solution of carbolic acid for 
some minutes, Drying does not kill the organisms, They 
may be found in air expired by phthisical patients. 
Nothing is known of their origin or habitat external to 
the body. They probably are carried directly from patient 
to patient. 

Mode of Entry into Body.— Nothing is known of their 


Practitioner, April, 1882. 


TUBERCLE AND TUBERCULOSIS. 307 


entry by wounds, though it has been said that tuberculosis 
has been conveyed by vaccination. The evidence is of the 
usual post hoc kind, and the statement has probability 
against it; for the blood of tubercular animals is infective 
only in the most acute cases of general tuberculosis. 
Post-mortem wounds have never been suspected as a 
source. The mucous membranes must therefore be the 
ordinary seats of entry of the bacilli The success of 
inhalation experiments with tubercular sputa, and of 
feeding experiments with tubercular material, demon- 
strates the entry of bacilli into the respiratory and intes- 
tinal mucous membranes, and the possibility of general 
infection by these channels. The relative frequency of 
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Tubercle Bacilli in Giant Cetl,—F rom Tuberculosis 
of Horse. x 600. 
pulmonary tuberculosis as a primary lesion would go to 
show that the bacilli enter the system through the pul- 
monary more often than through the intestinal mucous 
membrane. But this evidence is not altogether sound; 
for the primary lesion may occur in a bone, joint, or 
testicle, not having been preceded by any marked disease 
of lung or alimentary track. Here it is impossible to say 
where the bacillus entered; but it must have done go 
without causing any, or only the most trivial, disturbance. 
Lymphatic glands are among the commonest primary 


seats of tubercular disease (see ‘‘ Scrofula’’), and as a rule 
x 2 
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some irritation in the area whence they derive their 
supply is discoverable. This may have been actually 
excited by the entry of the organism, but there 1s as yet 
no proof of this; if due to other causes, the damaged 
tissues would surely admit the bacillus more easily than 
healthy ones. ° 

Infection through the alimentary canal is believed by 
some to be brought about by the use of meat and milk 
of tubercular animals. Perlsucht 1s very common among 
cattle, and would be a frequent cause of tuberculosis 
were infection by this channel easy. Animals fed on the 
pearl nodules become tubercular; but animals fed on the 
fHesh and milk of tubercular oxen sometimes become 
tubercular, sometimes they do not. Probably, the bacilli 
are inconstantly present. The evidence is sufficient to 
render care obligatory, especially in the selection of milk 
for children. 

Having entered the tissues, the bacillus, either at the 
spot of entry or at some other spot to which it has been 
carried by the lymph- or blood-stream, may develop and 
excite inflammation; or, perhaps, it may find no place in 
which it can live, and soon perish. Many people are 
almost constantly exposed to infection through the lungs, 
and yet do not acquire the disease; and we do not know 
whether in these cases the organism cannot enter, or 
enters but cannot live; although the latter is much the 
more probable. Nothing, however, is more certain than 
that a certain predisposition is almost as necessary for 
the production of a tubercular process as is the cause. 
We have no knowledge of what constitutes this .predis- 
position. It may be either acquired or inherited; and 
affects certain tissues and organs much more commonly 
than others (p. 297). . 

Supposing the bacillus to enter and to find a suitable 
nidus in the lungs, mtestine, some lymphatic gland, bone, 
or joint, it develops and excites a local tuberculosis, the 
products of which generally caseate more or less com- 
pletely. Such disease may long remain limited to the 
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parts first affected, caseating, calcifying, and softening; 
or recovery may occur. On the other hand, the virus 
may spread to surrounding parts by means of the 
lymphatics, or may become generalised by the blood 
stream, then exciting general acute tuberculosis in suit- 
able subjects. 

Modes of Spread. By Lymphatics.— Round a cheesy 
patch in the lung or brain, grey granulations are often 
seen extending radially into the healthy tissues; they 
are most numerous in the immediate neighbourhood of 
the caseous nodule, and by degenerating and blending 
with the cheesy focus they cause it to ‘‘ grow.” The 
situation being a favourable one for observation, the pro- 
cess of infection of mesenteric glands from an intestinal 
ulcer may sometimes be traced by tubercles along the 
track. Ponfick has described as not very uncommon in 
cases of acute tuberculosis, tubercles in the thoracic 
duct; these he regards as evidence that the virus had 
passed by this chaunel to the blood. 

By Veins.— Miigge* described tubercular infiltration of 
the walls of pulmonary vessels, especially veins, in pul- 
monary tuberculosis; and Weigertt believes that this 
actual growth of the bacillus into the circulation is fre- 
quently the source of general infection. 

By Arteries.—In a cheesy bronchial gland from a case 
of acute tuberculosis Koch found the wall of an artery, 
which was still pervious, similarly infiltrated; and he 
believed this to be the source of general infection. 

in one or other of these ways, or perhaps in all of them, 
the virus reaches the blood and is carried all over the 
body, developing when and where the conditions are suit+ 
able—in the lungs, meninges, &c. If the supply of virus 
is plentiful, the case is hkely to be most acute.. Laennec 
used to teach that the tubercles appeared in crops, dis- 
tinguished by the amount of degencration they had un- 
dergone. This would indicate an intermittent supply. 


* Virchow's Archiv, vol. xviii, p. 242. 
f{ 1bid., vol, Ixxvii, p. 269. ¢ Cheyne, p. 292, 
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It is impossible to explain why some tubercular pro- 
cesses remain local, whilst others generalise. Blocking 
of lymphatics, non-invasion of the walls of blood-vessels, 
feeble local growth of the bacillus, healthy resistance 
on the part of the tissues in general, may afford hypo- 
thetical explanations. 

Although in the great majority of cases of acute tuber- 
culosis a primary cheesy focus is found, it will have been 
gleaned, especially from Koch’s experiments with pure 
cultivations, that caseation has nothing whatever to do 
with the production of the tubercular virus. 


TUBERCULOSIS OF THE PIA MATER, 


In the pia mater the tuberculous process 1s associated 
with inflammation of the meninges, constituting the con- 
dition known as tubercular meningitis. This is almost 
invariably a part of a general tuberculosis. 

The process is almost exclusively confined to the pia 
mater at the base of the brain, and the tuberculous 
nodules—which may easily escape observation—are seen 
in connection with the small arteries in the Sylvian 
fissures, and deeply seated between the convolutions. A 
few scattered granulations are, however, frequently visible 
on the upper surface of the hemispheres. The inflamma- 
tory growth originates in the perivascular lymphatic 
sheaths which enclose the small arteries of the pia mater 
(Fig. 90); and the cellular infiltration commencing at 
separate centres, numerous small grey nodules are pro- 
duced around the vessel. These, which are distinctly 
visible to the naked eye, cause an external bulging of the 
sheath, and a diminution in the calibre, or even complete 
obliteration, of the enclosed vessel. 

The localised obstructions to the circulation which re- 
sult from the pressure of the perivascular nodules increase 
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the hyperemia at the base of the brain, which thus be- 
comes exceedingly vascular, there being in some cases 
rupture of the vessels and extravasation, A transudation 
of the liquor sanguinis takes place from the hyperemic 
and injured vessels, blood-corpuscles escape, and thus the 
meshes of the pia mater become infiltrated with a sero- 
fibrinous, and often purulent liquid. 
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Miliary Tubercle in the Pia Mater.—The dotted line indicates 
the original size of the tubercular nodule, A. The lymphatic 
sheath, V. The blood-vessel, F. Elements within the 
sheath. x 100. (Cornil and Ranvier.) 


These changes in the pia mater at the base of the brain 
are attended by softening of the immediately subjacent 
cerebral substance, which becomes infiltrated with young 
cells. The lateral ventricles at the same time become 
distended with serum (acute hydrocephalus), so that the 
convolutions on the surface of the hemispheres are seen 
to be much flattened. The ependyma and choroid plexus 
also become exceedingly vascular, and the walls of the 
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ventricles, together with the fornix and soft commissure, 
become much softened. All of these changes are owing, 
partly to an inflammatory process, and partly to the 
mechanical obstruction to the circulation caused by the 
tuberculous growth. In addition, the arachnoid mem- 
brane is dry and sticky. 

TUBERCULOUS MASSES IN THE BRAIN.—In 
addition to the miliary lesions occurring in the pia mater 
in tubercular meningitis, large tuberculous masses are 
occasionally met with in the brain unassociated with a 
‘general tuberculous process. These masses, which vary 
in size from a hazel-nut to a hen’s egg, commonly occur 
in the cerebral substance, especially at the base of the 
brain. They are of a pale yellow colour and firm consist- 
ence, and usually form quite round globular tumours. 
Their surface is often seen to be covered with minute 
grey nodules, which extend into the surrounding tissue ; 
and on section, similar nodules are sometimes visible, 
scattered through the substance of the tumour. In most. 
cases only one or two such masses are found, but occasion- 
ally they are more numerous. They occur especially in 
childhood, and usually in ‘ scrofulous” children. When 
examined microscopically they are found to be made up 
of small-celled structure and giant cells, such as has been 
already described as so characteristic of tuberculous 
lesions. This structure—which is best seen in the peri- 
pheral portions of the tumour—is often concentrically 
arranged around blood-vessels, and is found undergoing 
in different parts fibrous and caseous metamor- 
phosis. 

From the fact that miliary nodules are so often to be 
seen on their surface and extending into the surrounding 
tissue, it is supposed that these masses originate by the 
aggregation of such nodules—that the primary nodule 
constitutes a locally infective focus, and so causes a 
succession of growths in its immediate vicinity. Occa- 
sionally the tuberculous mass causes a more general in- 
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fection, and so gives rise to tubercular meningitis or to a 
general tuberculosis (p. 309). 


TUBERCULOSIS OF LYMPHATIC GLANDS. 


In the lymphatic glands, tuberculous processes give 
rise, in the first place, to changes in the central portions 
of the gland (‘Treves), inasmuch as it is with these that 
the infective material which is conveyed by the lym- 


Fie. 91. 





Tuberculosis of a Lymphatic Gland.— The earliest Stage 
of the process, showing the giant cell, x 200, 


phatic vessels first come into contact. (Fig. 91.) In 
the earlier stage of the*process small grey nodules are 
visible, scattered through the cortex. These gradually in- 
crease in size and become caseous. The gland then becomes 
enlarged, the distinction between its medullary and corti- 
cal portions becomes lost, and it becomes changed to a 
greyish homogeneous mass, in which are varying sized 
tracts of cascous material. The new growth very fre- 
quently undergoes a marked fibroid development, so that 
the caseous masses are surrounded by a dense fibroid 
structure. The caseous portions of the gland may subse- 
quently soften, dry up, or calcify. 
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TUBERCULOSIS OF MUCOUS MEMBRANES. 


Tuberculous processes in mucous membranes appear 
often to be secondary to some simple inflammation of the 
membrane. The intestinal, the urino-genital, and the 
respiratory mucous membranes may all be the seats of 
tuberculosis. 

THE INTESTINE.—In the intestine the changes 
have their seat in the solitary and Peyer’s glands, and, as 
in typhoid fever, it is especially these structures in the 
lower part of the small intestine and in the czecum which 
are affected. 

The first stage of the process consists in a celltlar 
infiltration of the structure. In Peyer’s patches this 
usually affects isolated follicles in the patch. The 
solitary glands and certain follicles in the patches thus 
become swollen, and project with undue prominence above 
the surface of the membrane. The new elements then 
undergo retrogressive changes—they soften, the dege- 


Fig. 92. 





A Tubercular Ulcer of the Intestine, (Diagrammatic.) 
a, Epithelial lining. b, Submucous tissue. 
c. Muscular coat. d, Peritoneum. 


neration in the patches commencing at several separate 
centres, and often extending until the whole patch becomes 
destroyed. As the result of these changes an ulcerated 
surface is produced, the floor and edges of which are more 
or less thickened, owing to the extension of the infiltration 
into the submucous connective tissue. In the floor of this 
ulcer small nodules of new growth are developed, prin- 
cipally around the blood-vessels, and as these are arranged 
transversely around the intestine, the new growth pro- 
ceeds in the same direction. These nodules also soften 
and become caseous, and thus the process of ulceration 
gradually extends transversely until the whole circum- 


TUBERCULOSIS OF THE LUNGS, 315 


ference of the gut may be destroyed. The ulcer thus 
produced presents a strong contrast to that of typhoid. 
Its edges and base are thickened and indurated, and the 
tuberculous nodules, tending to become caseous, are seen 
scattered in its floor, (Fig. 92.) 

The tubercular ulcer rarely, if ever, heals. Owing to 
the thickening of the tissues at its base, perforation is 
quite an exceptional occurrence. In the process of its 
extension the ulceration is attended by some contraction 
and narrowing of the gut. 


TUBERCULOSIS OF THE LUNGS. 


Tuberculous processes occur in the lungs as a part of 
a general tuberculosis, and also in pulmonary phthisis. 
The nature of the resulting inflammatory lesions is similar 
in both. It will be well, however, in the present place, 
more particularly to describe these lesions as they occur 
in the general infective disease. The more limited pro- 
cesses which take place in phthisis will be again referred 
to in a subsequent chapter devoted to the consideration 
of this affection.. (See ‘“ Pulmonary Phthisis.”) 

The pulmonary lesions met with in general tuberculosis 
consist, for the most part, of disseminated nodular 
growths, which are universally known as miliary tuber- 
cles. These growths are of two kinds—the grey and 
the yellow. ‘The grey are semi-transparent nodules of a 
greyish-white colour, varying in size from a small pin’s 
head to a hemp-seed. They are somewhat spherical in 
shape, and usually possess a well-defined outline. Some- 
times they are firm, and almost cartilaginous in consis- 
tence; whilst in other cases they are much softer and 
almost gelatinous. These softer forms, instead of being 
semi-transparent, are more opaque and white. The yellow 
are, for the most part, larger than the preceding, many of 
them, much so, some being as large as a pea. They are 
also softer in consistence, less defined and regular in out- 
line, and they pass more insensibly into the surrounding: 
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tissue. Many of them possess a greyish-white translu- 
cent margin, which may be pretty firm in consistence, 
but never so hard as are many of the grey nodules, 
whilst their central portions are opaque, yellowish, or 
caseous. 

Both the grey and the yellow nodules are often found 
associated in the same lung; in other cases the grey 
nodules only are met with; whilst, less frequently, nearly 
all the growths are of the yellow variety. The condition 
of the pulmonary tissue which is situated between the 
nodules varies considerably. It may be perfectly normal, 
more or less congested and cedematous, or it may present 
varying sized tracts of greyish, granular, friable congoli- 
dation. A perfectly normal condition of the intervening 
pulmonary tissue 1s found in many of those cases in 
which all the growths are of the firm, grey variety; but 
when there are numerous yellow or soft grey nodules 
the lungs are nearly always more or less congested or 
consolidated. 

When these nodules are examined microscopically they 
are seen to exhibit two different kinds of structure—viz., 
the lymphoid structure with giant cells,-which has been 
already described as that which is the most characteristic of 
tuberculous lesions, and accumulations of epithelial cells 
within the pulmonary alveoli (catarrhal pneumonia). 
There is, howevcr, this marked difference between the 
various kinds of nodules—that whereas the smaller firm 
grey ones are constituted almost entirely of the first- 
named structure, the larger soft grey, and most of the 
yellow ones, consist largely of the intra-alveolar accumu- 
lations. 

Firstly, with regard to the soft grey and yellow no- 
dules :—Most of these when examined with a low magni- 
fying power present the appearance represented in Fig. 93, 
the nodules evidently consisting largely of accumulations 
within the alveolar cavities. When more highly magni- 
fied their constitution becomes more apparent. It is 
then seen that the alveolar cavities are filled with epithe- 
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Fig. 93. 





rails 
fq Ay wat 

pie G 

i an 2 

fo yo 


he ek Ae ee 
7 — Rien) ipa 
page ae a 








Y \ 
an i nr rn GOS a a“ og iat R 
ne hes {os tm < aoe ie ate Fee 3 ae mane Ae § 7 x4 
Soa 2 he cy 
Ona i eee a At. : = A 
a ‘a eS / pis as art wer he ‘ 
a ee alls. ae SC OS, tego th 
he aT Na ee anaes # 
cn r 4 Se (be, Bs - Pe ae at eng a ot 
: e a ae “ty ye, ip patent poo WTS wy 
« be y +, off < - wh ete 
‘ . Ny ee ae i ‘ ioe . L eee CEE pasty MET a og in tT ares 
‘ > j iP oh rh te Vee af i Sty + iA, At a wee teh 
q Hi "Teach, ty ay “aed ot aes keeper So ity eee rca 4 
q fi eemesge gla ; 






POE i a ; 
7 ren 4 a ‘+ me 
ne b aS oe Ee a 
—, . ‘ ; > i ie . 





ft Grey Tubercle from the Lung in a Case of Acute 
Tuberculosis, —TVhe whole of the tubercle is shown in the 


drawing, and it is obviously constituted largely of intra- 
alveolar products, x 100, reduced to 3. 


Fie. 94 





A portion ofa small soft Grey Tubercle from the Lung.—TV his 
is from a case of acute tuberculosis, probably in an earlier 
stage than that from which Fig. 93 wasdrawn. The figure 
shows one of the alveoli filled with epithelial elements and 


a few small cells; with some cellular infiltration of the 
alveolar wall. x 200, 
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hal elements and small cells resembling leucocytes, whilst 
the alveolar walls are more or less extensively infiltrated 
and thickened with lymphoid cells. (Fig. 94.) In many 
tases the central portions of the nodules will be seen to 
have undergone extensive degenerative changes, and to 
consist merely of a structureless granular débris, so that 
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e 





A, portion of a Yellow Tubercle from the Lung in a 
Case of Acute Tuberculosis, —Showing the degencration 
of the central portions of the nodule ¢, and the cellular 
thickening of the alveolar walls and accumulations 
within the alveolar cavities at the periphery p, x 100, 


the accumulations within the alveoli and the cellular 
infiltration of the alveolar walls are visible only at their 
periphery. This is always the case in the distinctly 
yellow tubercles. (Fig. 90.) 

The histological characters of the firmer grey nodules 
differ somewhat from the preceding. In these the cellu- 
lar infiltration and thickening of the alveolar wall is 
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much more marked, and many of the alveolat cavities 
are occupied by giant cells, these probably originating, as 
described by Dr. Klein, from the alveolar epithelium.* 
(Fig. 96.) In other cases, the alveolar structure has com- 
pletely disappeared, and the tubercle, when examined 
with a low magnifying power, appears as a little some- 
what spheroidal mass, the cellular elements of which are 
seen to be grouped around separate centres. (Fig. 97.) 
When more highly magnified, these centres are seen to 
correspond with the giant-cells already described, and the 


Fig. 96. 
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A portion of the more external part of a Grey Tubercle 
from the Lung in a case of Acute Tubercilosis.—Showing 
the extensive infiltration and thickening of the alveolar 
walls, and the giant cells within the alveolar cavities, 
x 100. ‘ 


small-celled structure grouped around them, as is well 
shown in Fig. 86. This is a fully developed tubercle of the 
lung. The small-celled structure at the peripheral portions 
of the nodules extends into and produces a thickening of the 
walls of the alveoli with which the nodule is incorporated. 
(Fig. 98.) In the tubercles thus constituted, extensive 


* These large multinucleated cells aro stated by Dr. Klein 
(loc, cit.) to onginate either by the fusion of the alveolar, epithe- 
lium, or by the excessive development of ove epithelial cell. Since 
the publication of Dr, Klein’s statement I have frequently observed 
these cells situated distinctly in the alveolar cavities, and 1 have 
little doubt they originate in the way he describes, 
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retrogressive changes rarely occur. Degeneration is slow 
and very incomplete, and the nodule often becomes im- 
perfectly fibroid. 

Respecting the cause of these differences in the histolo- 
gical characters of the miliary lesions in the lungs—I 
believe them to depend upon differences in the age of the 
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A firm Grey Tubercle Jrom the Lung in a case of Acute 
Tuberculosis—Showing the grouping of the elements 
around separate centres, the nodule consisting of 
several giant-cell systems. x 33, 


nodules, and in the intensity of the tuberculous process.* 
If the intensity of the process be considerable, the nodules 
will consist in the main of accumulations of epithelium 
within the pulmonary alveoli, and the nodule will rapidly 
undergo disintegration. (See Fig. 95.) If the process be 
less intense, and the nodules attain a more advanced age, 
degeneration will be less rapid and complete, the cellular 
infiltration and thickening of the alveolar walls will be 


* Intensity comprises two factors—severity of injury and sus- 
ceptibility of injured tissue. (See ‘‘ Inflammation.’’) 
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greater, and the epithelial elements may form large mul- 
tinucleated cells. (See Fig. 96.) Lastly, in the least 
intense and most chronic processes, the development of 
multinucleated elements and the formation of the net- 
work of branched cells reaches its maximum (see Figs. 80 
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A small portion of the most external part of a firm Grey 
Tubercle from the Lung it a case of Acute Tuberculosis,.— 
Showing the incorporation of the nodule with the alvoolaxr 
walla. x 270. 


and 97), degeneration takes place slowly in the central 
portions of the nodule, and there is often considerable 
fibroid induration of the new tissue. There is thus a 
closo analogy between the tissue changes resulting from 
tuberculosis of the lungs and those which result from 
other chronic inflammatory processes. (See “ Chronic 
Inflammations.”) 
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CHAPTER XXX. 
THE INFECTIVE GRANULOMATA (continued). 


LUPUS VULGARIS. 


Tus, disease is characterised by the appearance of 
nodules of granulation tissue upon the skin (chiefly 
of the face), and much more rarely upon the mucous 
membranes of the conjunctiva, pharynx, vulva and 
vagina. The tubercles are situate primarily in the 
corium, and may reach the size of a pea; fresh ones 
appear at the periphery, whilst those in the centre blend 
into a more or less diffuse infiltration. The disease 
appears almost always between the age of two years and 
puberty, and is especially common in the scrofulous. 

Structure.—The nodules consist of granulation tissue 
containing epithelioid and often a good many giant- 
cells. They differ from true tubercles ‘in heing rather 
richly vascular. The intercellular substance is scanty 
and homogeneous. It is not uncommon to find that 
long anastomosing processes ‘of epithelium have grown 
down into the round-celled growth, the physiological 
resistance of which would seem to be less than that of 
normal corium. 

Course.— Spread occurs by the production of fresh 
nodules at the margin of the primary focus. The course 
is always chronic. When the patch has reached a 
certain size it may undergo no change for a long time; the 
nodules and infiltration may end in degeneration and 
absorption, a white scar being left, or in ulceration. 
After eating away the tissues to varying depths, sometimes 
destroying large portions of the nose, lip or eyelid, the 
ulcers may heal; or healing may go in at one point and 
destruction at another. 

Etiology.—The mode of extension is indicative of spread 
of the cause by the lymphatics. The nature of this cause is 
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doubtful. Some believe that lupus is a local tuberculosis ; 
the Bacillus tuberculosis has several times been found in 
the nodules, but very inconstantly. Tuberculosis has 
been produced by inoculation of lupus tubercles; but 
much more commonly it fails. The relation to scrofula 
must be noted. As above statéd, lupus nodules are 
vascular, and rarely become caseous. Schiller found 
micrococci in the epithelioid cells. 


GLANDERS AND FARCY. 


TUESE are varieties of one disease, due probably to differ- 
ence in the point of entry of the poison. In Glanders, 
the nasal mucous membrane and its prolongation are the 
seat of the earliest lesions; in Farcy, the skin and sub- 
subcutaneous tissue. Each form may run a rapid or a 
slow course, and it is usual in man for the symptoms of 
one to superverie sooner or later upon those of the other. 
The diseases are common among equine anjmals, especially 
horses, and are communicable from them to other animals, 
including man. This happens but rarely. It is trans- 
ferable from man to man. 

Wature of the Pathological Lesion,—This is best 
seen in.‘ the more chronic forms. It is a circumscribed 
nodule (farcy-bud) varying from a just visible point up to 
the size of a pea or bean. On section it is found 
to consist of small round cells; vascularisation is very 
imperfect, if it occurs; but the formation of larger cell- 
forms has not been described. Degeneration occurs early, 
and more or less ‘acute suppuration is excited. In the 
substance of an organ or part an abscess forms, but, 
on a free surface, an ulcer, with indurated, sharply cut 
margin and very foul base is the resuit. Such ulcers 
may heal, but their course is generaily very chronic. 
In the more acute forms of the disease the poison sets up 
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ordinary suppuration at spots where it develops. The 
inflammation is not always circumscribed, but sometimes 
produces diffuse infiltrations—as of muscles, subcutaneous 
tissue, and connective tissue of orbit—which go on to 
suppuration at many points or generally. The farcy-buds 
and diffuse imflammations, in the various stages of 
degeneration, suppuration, and ulceration mentioned 
above, and in various seats, constitute the morbid anatomy 
of the disease. 

Mode of Entry of the Poison.—A wound is a com- 
mon portal; mucous membranes, especially the con- 
junctival and nasal, are other seats of infection. In 
many cases there is no evidence to show ‘how the poison 
entered. 

- Course.—In acute glanders, after a variable period of 
incubation, inflammatory nodules appear in the mucous 
membrane of the nose, frontal sinuses, &c., and run on 
more or less rapidly to suppuration and ulceration. The 
submaxillary and cervical glands swell from infection 
through thelymphatics. Thefever,and the muco-purulent, 
often bloody, discharge from the nostrils are thus ex- 
plained. The poison now enters the blood and is carried 
to distant parts, giving rise to metastatic inflammations 
in internal organs, especially the lungs, and in the skin, 
and the mucous membranes of the respiratory ‘and ali- 
mentary tracts. Abscesses in the subcutaneous and 
intermuscular tissue are common, and suppuration in 
joints occurs. In fact the disease resembles pywmina in 
many respects, being like it due to the dissemination by 
the blood of a poison capable of exciting suppuration. 
The abscesses in organs are generally small, but may 
reach a large size. The respiratory and alimentary mucous 
membranes are perhaps directly infected from the nose. 
On the skin, red papules and larger patches of inflamma- 
tion appear, on which vesicles, and then pustules, often 
with hemorrhagic contents, quickly develop—constituting 
the rash of the disease. The earliest stage is a collection 
of round cells in the superficial part of a papilla; a little 
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later and the rete is raised in the roof of a pustule. 
Throughout the disease the fever is, high, symptoms of 
prostration dppear early, and death occurs with all the 
signs of septic poisoning. 

In Chronic Farcy large “ buds” appear in the subcuta- 
meous, submucous, and intermuscular tissue. The former 
break down slowly and form foul ulcers, the lymphatics 
become much swollen, hard, and knotted; the glands are 
greatly enlarged. The general symptoms are much milder. 
This form often ends in recovery. The symptoms of 
glanders frequently supervene before death. 

Etiology.—Schiulz and Loffler* found in the pus 
of abscesses in glanders, slender rods, like, but smaller 
than, B. tuberculosis. Cultivated in the serum of horses’ 
blood they formed colonies, maintaining their initial form. 
After repeated cultivation, to ensure purity from the 
original pus, different animals were inoculated. The 
result varied with their susceptibility. Im all, an indu- 
rated ulcer appeared at the site of inoculation; and cordy 

‘lymphatics ran thence to swollen glands, In some, 
metastatic abscesses formed in internal organs; others 
died carly, with symptoms of septic poisoning. In all, 
the above bacillus was found. ‘Two horses were inocu- 
lated from a fourth cultivation: all the symptoms of 
glanders set in, after some days’ incubation, and the older 
horse died in fourteen days. ‘The other was killed next 
day, being extremely weak. The post-mortem signs were 
the same in both—viz., a sore the size of a shilling at the, 
site of inoculation; lymphatics leading thence to glands, 
hard and swollen; abscesses in the lungs, from the size 
of a pea downwards, with red borders; the nasal mucosa 
studded with farcy buds and ulders. 

By this one series of experiments, it would seem that 
this bacillus has been proved to be the cause of Glanders 
and Farcy. 


‘ Mittheilungen aus d, Kaiserl. Gesundheitstunt,’’ Berlin, vol. ii. 
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LEPROSY. 


This disease is endemic in many parts of the world, espe- 
cially in the Kast and West Indies, China, South America, 
and Equatorial and Southern Africa. Formerly it was 
widely spread over Europe, and still lingers at many 
spots, particularly in Norway and Sweden..- 

Nature of the Pathological Lesions.—There are two 
chief varieties of this disease—tubercular and anzes- 
thetic. In the former the lesions affect chiefly the skin, 
in the latter the nerves. 

In tubercular leprosy, patches of hyperemia are fol- 
lowed by thickening of the skin and theformation of nodules, 
which may reach the size of walnuts. They are almost 
always situate on parts exposed to the air—face, hands and 
feet—and appear sometimes singly, sometimes in groups. 
They may come out in distinct eruptions, separated by 
long intervals of time. At first firm and red or brownish, 
they become soft and paler, but do not, as a rule, ulcerate 
for long periods, unless injured. When ulcers do form, 
they cause great destruction of features. Healing may. 
occur. ‘The tubercles may affect other parts of the body, 
especially the extensor aspects of limbs, and the mucous 
membranes of the.eye, nose, mouth and larynx. 

In aneesthetic leprosy, nodules, or, more often, diffuse 
cylindrical or fusiform swellings, form upon nerves, 
especially the ulnar and external popliteal, surrounding 
long portions of them, affecting primarily the cutaneous 
and later the muscular branches. The skin supplied is 
often painful and hyperesthetic at first, and then becomes 
ansesthetic, pale, and wastes, together with the paralysed 
muscles. Ulcers form sooner or later upon the an- 
eesthetic parts, leading to extensive destruction and 
dropping off of fingers, toes, and larger portions of limbs. 

The two forms may run their course separately, but 
often occur together. The anesthetic Variety occurs 
chiefly in hot climates. In each form the glands re- 
ceiving lymph from the diseased.parts enlarge, first the 
superficial ones, then the deeper. Infiltration of viscera 
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—especially the liver, spleen and testes—may occur. 
To the naked eye, the new growths have the greyish or 
yellowish, semi-transparent, uniform appearance com- 
mon to so many cellular structures.. Microscopically, 
they consist of a granulation tissue: it is made up of 
srnall round cells, like leucocytes, and some very large 
ones—lepra-cells—of which some are spindle or branched. 
A few vessels lie among them. The appearances are 
well shown in the accompanying drawing, made from 
a specimen kindly lent by Dr. Thin (Fig. 99). As above 
stated, the tendency to degenerate is much less marked 
than in most allied growths. 
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Tubercular Leprosy.—Section through skin. a. Showing 
infiltration with leprosy bacilli. x 6. 6. shows indi- 
. vidual bacilli in the cells. x 3800. c. Individual bacilli 


showing spores. * 800, 

Etiology.—lFrom time immemorial leprosy has been 
looked upon as a contagious disease, and lepers have 
been rigorously expelled from social communities, A 
very superficial examination throws doubt upon this; 
for many lepers live in the closest relations with healthy 
people without communicating the disease. Many have, 
however, maintained that the disease 1s communicable 
under certain conditions (among which susceptibility, 
perhaps, ranks high) which are rarely realized. Hillis* 
has brought forward evidence in favour of this view. 


* « Leprosy in British Guiana,” 
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According to modern views, endemicity at once excites 
suspicion that a disease is infective. Organisms have 
therefore been searched Yor in leprosy. Neisser* and 
Hansent separately described a bacillus as specific 
to leprosy. It is found constantly in all young, 
primary lesions (not in those secondary to ansesthesia’ ; 
chiefly in the lepra-cells (Fig. 99b), but also in others, 
rarely between cells. In old lesions they become granular 
from spore-formation. They show an active to-and-fro 
movement in fresh juices, and, when cultivated, grow 
into long jointed filaments (Hansen). Thint has shown 
that as regards size, beaded appearance, and staining, 
B. leprae (Fig. 99c) is exactly like B. tuberculosis, The 
organism is the same, no matter where the disease 
may have been contracted. Thin found bacilli in 
enormous numbers in the lesions he examined, and 
gave reasons for believing that spread may occur by both 
lymph- and blood-vessels; but the fungi have not been 
found free in the blood of patients. Neisser produced 
tubercles in dogs and rabbits by inoculation from 
leprosy lesions; Hansen failed with rabbits, and Kobner 
with an ape. The bacilli multiply in the anterior chamber 
of rabbits, but produce no tubercles. 


ACTINOMYCOSIS. 


The exact nature of the parasite found in actinomycosis 
or ray-fungus, and its botanical position, are not deter- 
mined, Itis believed by many to be the conidia-form of 
perhaps some known species. 

Sarcoma-like tumours occurring chiefly in the lower 
jaws of cows were shown by Bollinger in 1877 to contain 
constantly clements of a fungus—the actinomyces— 
and he found the same fungus in nodular masses in the 


‘Bresl. arztl. Zeitschr.,’’ Nos. 20, 21, 1879. 
¢t “ Virchow’s Archiv,” vol. xxix, p. 31. 
t “Trans. Med, Chir. Soc.,” 1888. : 
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tongues of cows (woody tongue), in the swollen glands 
beneath the jaw, and in the upper part of the neck, in 
polypoid and submucous tumours of the larynx, and 
throughout the alimentary tract. They have since been 
demonstrated in tumours of pigs’ jaws and udders; and 
in tuberele-like nodules in the lungs of calves. On sec- 
tion these nodules have a spongy, open appearance, anda 
puriform or cheesy fluid can be squeezed from them. 
Besides fatty cells, this conthins many pale yellow 
granules, as large as millet-seeds. These, when gently 
squeezed and cleared up by potash, are seen to consist’ of 
filaments radiating from a common centre, and bearing at 
their free ends club-shaped swellings, often branched. 
The nodules and tumours consist largely of granulation 
tissue, imtersected here and there by bands of fibrous. 
tissue. In the older specimeus there are found, round 
each fungus-collection, giant-cells, and outside these 
epithelioid and then granulation-cells—all signs of a 
chronic inflammation. 

In 1878 Israel described a case of multiple superficial 
abscesses, and one large intra-thoracic abscess opening by 
fistula: on the surface. Te pus from all contained parasites 
which corresponded to the above description. The disease 
had begun six months before with fever and joint-pains. 
Three weeks after admission the woman died: there was 
a great abscess in the left lung, and countless abscesses in 
the liver, spleen, intestine and kidneys, most of them very 
small, but some the size of an apple. All contained the 
fungi, and in the glomeruli of the kidney were found 
fungi which had not yet excited inflammation. The point 
of entry of this fungus was not evident, but in pus from 
a tooth-socket in another case Israel found the same 
organism. 

Some eighteen or twenty cases have now been described, 
and in several the disease began distinctly in the lower jaw, 
from a carious tooth, or after its extraction; in others the 
point of entry was obscure. All the cases were very chronic, 
and in many the disease spread only locally, burrowing 
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in all directions, and for long distances from its starting- 
point. In others, as in the above case, evidence of 
embolism was unmistakable. Secondary deposits have 
been found in all organs ; and Ponfick has seen a granula- 
tion-tumour growing into the jugular, and in the same 
case there were growths in the right auricle and ventricle. 

In man the fungus often spreads from the region of the 
jaw to the front of the cervical spine, producing a pre- 
vertebral abscess, or it excites inflammation in the region 
of the thoracic or lumbar spine, causing caries of the 
bones and wide-spread fistula-formation. As a rule the 
growths break down; but tumours like those in animals 
may be found. 


CHAPTER XXXTI. 
SYPHILIS. 


THe lesions occurring in the course of constitutional 
syphilis also belong to the class of Infective Granulomata. 
They are inflammatory in their nature, but in their seats, 
distribution, sequence, and histological characters, many 
of them present certain peculiarities which make them 
quite characteristic of this disease. The primary syphi- 
litic lesion (usually the indurated chancre), the secondary 
lymphatic gland enlargement, and the subsequent series 
of changes in the skin, mucous membranes, and, later, in 
the nervous system, bones, and internal organs, are all of 
them the results of inflammatory processes, induced by 
the syphilitic poison. | 

Early Lesions.— Many of these are, anatomically, in- 
distinguishable from simple inflammations of the same 
parts. The rashes, for example, are due to inflammatory 
hyperemia with more or less infiltration of the superficial 
layer of the skin, enlargement of the papille, and, often, 
excessive epithelial multiplication. As a rule these in- 
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flammations end naturally in resolution; but in tissues 
of feeble resisting power they may ulcerate. The early 
periostitis (nodes), again, is indistinguishable from a trau-. 
matic inflammation, and the syphilitic iritis is diagnosed 
from the rheumatic only. by concomitant circum- 
stances. 

Later Lesions.— Equally characteristic, clinically, with 
the above are the diffuse subacute and chronic inflamma- 
tions of organs and parts which end in fibroid induration. 
But, anatomically, these are ordinary productive in- 
flammations. Granulation tissue forms more or less 
irregularly throughout the orgun. At the same time, if 
the process is subacute, degeneration and disappearance 
of some of the more or less widely separated elements of 
the part occur. Scar-tissue forms from the granulation 
tissue, and, as it contracts, many more of the proper cells 
of the part atrophy and disappear. The appearance of 
the infiltration varies in different cases and in different 
parts of the same organ—consisting now almost wholly 
of cells with little intercellular substance, or, again, of 
more or fewer cells in a markedly fibroid matrix, of, finally, 
of dense fibrous tissue. The infiltration may be geueral, 
but much more commonly comparatively healthy portions 
of the organ are found between the fibroid indurations. 
It is the irregular distribution of these lesions which 
makes them so characteristic of syphilis. 

The capsules of organs are irregularly thickened; and 
peritoneal coverings are sure to be involved, producing 
more or leys general adhesion to surrounding parts, as is 
seen in syphilitic hepatitis, splenitis, or orchitis. In the 
latter case, the coincidence of hydrocele proves during life 
the affection of the tunica vaginalis. The irregular thick- 
ening of the capsule is the most marked feature. 

As the fibrous tissue contracts, the organ shrinks as a 
whole, and often becomes of stony hardness; but the 
irregular distribution of the exudation, above noted, often 
causes unequal contraction and puckering of ‘the surface, 
amounting in some cases to the formation of deep fissures, 
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dividing the organ into lobes. In these cases the diffuse 
growth has probably been combined with the syphilitic 
tumour or gumma (to be next described), as not uncom- 
monty happens. 

Naked-eye examination of a part, e.g., testis, which 
has undergone these changes, shows adhesions between 
the layers of the tunica vaginalis, which contains fluid 
where not adherent; marked thickening of the tunica 
albuginea and, extending from it into the organ towards 
the mediastinum, dense bands: of fibrous tissue; the 
natural reddish-brown colour of the tubules is replaced 
by a much paler whitish-ycllow tint, in which islands of 
normal tissue may remain. The consistence of the gland 
is greatly increased. One or two gummata may also be 
present. 

In relation with bone, exudations of this kind often 
ossify. Under the periosteum, they cause thickening of the 
bone. In the Haversian canals and cancellous spaces 
increased density of it (see ‘‘ Condensing Ostitis’’). 

These cell-exudations do not always go on to fibroid 
induration; they may resolve, and generally do so with 
marvellous rapidity, under the influence of iodide of 
potassium when they are at all recent. Probably the in- 
flammatory products undergo fatty degeneration previous 
‘to absorption. | 

Localised scars often causing much puckering of the 
surface of organs, and sending fibrous rays far into the 
surrounding tissue may be found, and are usually the 
remnants of precedent gummata. 

Gummata, Syphilitic Tumours, Syphilomata. — 
Anatomically these are the characteristic lesions of 
syphilis; they are frequently associated with the fibroid 
lesions. As usually met with they are moderately firm 
yellowish-white nodules, having often, on section, some- 
what the appearance of the cut surface of a horse-chestnut. 
They vary in size from a hemp-seed to a walnut, and are 
surrounded by a zone of translucent fibrous-looking 
tissue, which sometimes has the appearance of a capsule, 
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and which is so intimately associated with the surround- 
ing structures that enucleation of the mass is impossible. 
The outline of the growth is generally irregular from 
processes radiating from it along the natural septa of the 
organ, and examination always shows that spread occurs 
by infiltration. In the earher stages of their development, 
when they less commonly come under observation, they 
are much softer in consistence, more vascular, and of a 
reddish-white colour; whilst in their more ‘advanced 
stages, owing to extensive retrogrcssive changes, they may 
be distinctly caseous. 

Examined microscopically, gummata, as usually found, 
show marked structural differences between the central 
and external portions of the growth. The central portions 
are composed of closely packed shrunken cells and nuclei, 
fat granules, and Cholesterin, amongst which is generally 
a little fibrillated tissue. (Fig. 100 a.) Surrounding 
this and directly continuous with it isa zone of cells in 
a distinctly fibrillated matrix; whilst the peripheral portion 
of the growth is a richly cellular and vascular tissue. 
(Fig. 100 b, and Fig. 101.) This peripheral layer, which is 
in direct histological con- 
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distinguished more or less clearly in most fally deve- 
loped gummy nodules, correspond with three different 
stages in their growth. Caseation may follow very closely 
on the spreading edge and render the two outer zones very 
narrow ; although to the naked eye the caseous patchemay 
seem defined, the microscope shows that each one of these 
zones passes gradually into the next. The most external 
zone, consisting ot the vascular granulation tissue, repre- 
sents the earlier stage of development, and by the conti- 
nuous formation of this tissue the growth may steadily 
increase. The intermediate more fibrous zone represents 
the second stage in the process—the development of the 
granulation tissue into a more or less completely fibril- 
lated structure. The character of this fibrillated 


Fra, 101, * 





The Peripheral Portion af a Gummy Growth in the 
Kidney.—Showing the siall-celled granulation growth 
in the intertubular tissue. x 200, 


tissue vary in different growths. In some the fibril- 
lation is very distinct; in others, the tissue is dense 
and cicatricial in character; whilst, less frequently, it 
consists of a reticulated structure within the meshes of 
which are grouped round small cells. The central zone, 
consisting of the amorphous granular material, repre- 
sents the oldest portion of the growth—that which has 
undergone retrogressive changes. The blood-vessels in 
the centre of a gumma undergo certain changes, about 
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to be described, by which they become obliterated. The 
parts are thus deprived of blood and hence degenerate, 
This takes place very early. When the tumour is large, 
it may sometimes be seen to be made up of several distinct 
smaller growths, each presenting at its circumference the 
more perfect cells, whilst its central parts are granular 
and amorphous. 
In early stages, before they have produced marked 
‘ruction of tissue, gummata may be absorbed. Later, 
r central fatty portions are frequently absorbed, leav- 
: radiating puckered scar (p. 831); calcification is rare. 
Not uncommonly, under conditions which are not under- 
stood, gummata soften and excite suppuration around 
them; the abscess bursts, and a yellow slough is exposed. 
This has a very characteristic appearance, like “ wet wash- 
leather.” Slowly it is thrown off, and a larger or smaller 
cavity is left, with ragged soft margin® All this is often 
and well seen in the tongue. Gummata of the skin and 
"mucous membranes are by far the most prone to take this 
course. These ulcerations must be distinguished from the 
superficial ulcerations connected with the early rashes. 
Gummata are met with in the skin and subcutaneous 
cellular tissue ; in the submucous tissue, especially of the 
pharynx, soft palate, tongue, and larynx; in muscle, 
fascie, bone; and in the connective tissue of organs— 
especially of the liver, brain, testicle, and kidney. They 
occur also, but much less frequently, in the lungs; as do 
also,simple localised fibroid indurations. They are gene- 
rally late, so called tertiary, manifestations; but they may 
occur at quite an early stage. No hard line can be drawn 
clinically between the secondary and tertiary stages, and 
none can be drawn pathologically between the products 
of these stages. All are inflammatory, some circum- 
scribed, some diffuse. Even the hard chancre has the 
structure of the first stage of a gumma—leucocytes, 
formative and giant-cells in a fibrillar matrix. 
Changes in Vessels.—Certain changes in the cere- 
bral arteries have been described by Heubner as charac- 
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teristic of syphilis. These changes have been brought 
prominently before English pathologists by Drs. Green- 
field, Barlow, and others.* e 

In the cerebral arteries the changes produce opacity 
and marked thickening of the vessel, with considerable 
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Syphilitic Disease of Cerebral Arteries. 


A. Segment of middle cerebral artory, transverse -section— 
i, thickened inner coat; e, endothelium ; 7, membrana fenestrata ; 
m, muscular coat; a, adventitia, x 200 reduced }. | 

B, Small artery of pia mater, transverse section.—Showing 
thickened inner cvuat, diminished lumen of vessel, and consider- 
able infiltration of adventitia. The cavity of the vessel is occu. 
pied by a clot (? thrombus). x 100, reduced 4. 


diminution in its calibre. It is this diminution of the 
lumen of the. vessel which is especially characteristic. 


* «Trans, Path, Soc. Lond.,” vol. xxviii, — Visceral Syphilis. 
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The smaller vessels, arteries and veins, are chiefly 
affected, and their lumina may be quite obliterated. 

When transverse sections of the vessels are examined 
microscopically, the principal change is seen to be situ- 
ated in the imner coat. It is well shown in the accom- 
panying drawings made from specimens kindly lent to me 
by Dr. Barlow. (Fig. 102.) This coat is considerably 
thickened by a cellular growth. The growth, which is 
limited internally by the endothelium of the vessel (Vig. 
1024, e), and externally by the membrana fenestrata (Vig. 
1062.4,f), closely resembles ordinary granulation tissue, con- 
sisting of numerous small round and _ spindle-shaped 
cells. This tissue appears gradually to undergo partial 
development into an imperfectly fibrillated structure. 

In addition to this change in the intima, the outer coat 
is abnormally vascular and infiltrated with small cells 
(Fig. 102a, a), and this cellular infiltration usually in- 
vades also the muscular layer (Fig.102a, m), The marked 
diminution of the lumen of the vessel (Fig. 1028), and the 
consequent interference With the circulation, coupled with 
change in the endothelium, frequently leads to coagulation 
of the blood (thrombosis) and cerebral softening. 

Dr. Greenfield’s observations tend to show that similar 
changes occur in vessels of other parts, and that they 
account for the degeneration of syphilitic gummata. 
Ancurism iv adults under forty is often connected with 
a syphilitic history. 

Etiology.—Strong as the clinical evidence of the 
infective nature of syphilis is, nothing positive is known 
of its cause. The observations 0. this subject are few. 

Klebs described mobile granules and short rods in non- 
ulcerated primary sores. He.inoculated apes with por- 
tions of syphilitic tissue, and produced a disease closely 
resembling syphilis. A cultivation of the blood of such an 
ape on gelatine yielded brownish masses of short rods, as 
does also the primary lesion in man.* Aufrecht found 


* t Arch, f, Exp, Path,” x. 3-4, 
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diplococci staining with fuchsin in the juice of flat emdy- 
lomata.* Buirch-Hirschfeld found diplococci, which are 
easily taken for short rods, not only in the papillary 
bodies and epidermic cells of flat condylomata, but also 
in gummata of different organs, but only in still-growing 
specimens, and especially at the edge of the cheesy part. 
Bergmann found organisms resembling those described by 
Klebs constantly present in the lymphatics of Hunterian 
chancres.t Martineau and Hamonic cultivated in meat 
broth similar organisms from the discharge of syphilitic 
ulcers; the cocci grew into larger chains, and, the authors 
say, gave syphilis to a young pig.t 

The poison exists in the primary sore, in mucous 
tubercles, and all secondary sores, and in the blood during 
the eruptive period. It is doubtful whether it is present 
in pure lymph, such as may be obtained from a vaccine- 
vesicle. It is not present in normal secretions, as saliva, 
mucus, semen. The discharge from tertiary or gummatous 
ulcers is not infective, but this would by no means disprove 
Birch-Hirschfeld’s observations on summata. 


SYPHILITIC DISEASE OF THE LIVER, 


The liver is one of the most frequent seats of syphilitic 
lesions. The most common change is the development of 
fibroid and gummy growths in the substance of the organ. 
In the spreading stage the margins of gummata are ill- 
defined, round cells infiltrating the surrounding liver- 
tissue. The growths — which are usually connected 
with fibroid thickenings of the capsule — sometimes 
consist simply of a dense fibroid structure. More com- 
monly, however, gummy masses are found imbedded 
in the fibroid growth. In the former case it is possible 
that the gummy mass may have become absorbed, leaving 
merely its fibroid cicatrix. 

The development of these growths produces very 


* “Cebl. f. Med. Wiss.” p, 228, 1881, 
¢ The Fungus of Syphilis, ; 
t Birch-Hirschfeld, “Lehrbuch d. Path, Anat.” p. 187, 2nd edit. 
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marked alterations in the form of the liver. Scar-like 
depressions are seen on its surface, and the organ is 
irregularly and often very deeply puckered. 

A more general fibroid change, not associated with the 
formation of gummy masses, is occasionally met with in 
the liver in inherited syphilis. This change closely 
resembles ordinary cirrhosis, although the intercellular 
network of the liver is usually more extensively involved. 

Lastly, it must be mentioned that the liver in syphilis 
is frequently lardaceous. 


It is unnecessary to describe particularly syphilitic 
lesions in other organs, as they all present the same 
general characters—viz., scars, tibroid indurations, and 
gummy growths, singly or combined. 


CHAPTER XXXII. 


SCROFULA. 


THE constitutional condition known as Scrofula is 
characterised by a hability of certain tissues to be- 
come the seat of chronic inammations, the causes of 
such inflammations being very shght and sometimes 
wholly hypothetical. Itis generally believed that these 
tissues either possess congenitally, or acquire as a result 
of abnormal conditions of life, an enfeebled resisting 
power against injury. Virchow says their vulnerability 
is excessive. Consequently, the above slight or undis- 
coverable causes, injuries which would have no effect or 
only the most passing upon a healthy subject, produce in- 
flammation in the scrofulous. In this way it is sought 
to account for the abnormal susceptibility to in- 


flammation. 
“LZ 
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The explanation given of the abnormal chronicity of 
the processes is very similar. We know that chronic in- 
flammation implies the prolonged or frequent action of a 
cause. It is almost impossible to put an inflamed part 
under such conditions that no cause of inflammation, as 
friction, pressure, tension, &c., can affect it. These are 
not sufficient to keep up an inflammation in a healthy 
person, but in the vulnerable tissues of the scrofulous 
they are supposed to be able to do so; and doubtless they 
ail in rendering the process chronic. 

This susceptibility, although more or less gencral, is 
commonly most marked in the mucous membranes and in 
the lymphatic glands, especially in those glands which 
stand in direct relation with the fauces, tonsils, and 
pharynx (cervical); with the lungs (bronchial); and with 
the intestine (mesenteric). It is to these, it may be 
remarked, that organisms are most likely to obtain access. 
The skin (eczema impctiginodes), bones, and joints 
(caries, caries necrotica, and chronic arthritis) are also 
liable to be affected. The part which suffers varies in 
different cases, and injury is often the determining 
Cause. 

With regard to the tissue-changes occurring in 
scrofulous inflammation—it must remembered that when 
inflammation occurs in a healthy individual, if it does not 
cause the death of the part, the inflammatory products 
either become absorbed, or the process leads to suppura- 
tion, or to the formation of a vascularised connective 
tissue. In scrofulous inflammation the absorption of 
the inflammatory products is very much less readily 
effected; they tend to infiltrate and accumulate in the 
tissue, where by their pressure they interfere ‘with the 
circulation, and so lead to retrogressive and caseous 
changes. There is but little or no tendency to the 
development of new blood-vessels, and hence there is 
no organisation of the new growth. These peculiarities 
are to be in great measure ascribed to that inherent 
low vitality of the tissues which obtains in this disease, 
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and also to certain peculiarities in the histology of the 
inflammatory products. Virchow long ago pvinted out 
the richly cellular character of the products of scrofulous 
inflammation, the tendency of the cells to infiltrate the 
tissue, and the extreme tardiness with which the intiltra- 
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Serofulous Inflammation of a Bronchus.—Section of a small 
bronchus of a markedly serofulous child, the subject of 
bronchitis, which terminated in miliary tuberculosis. The 
deeper stractures of the bronclial wall are seen to be 
extensively infiltrated with cells, most of which are larger 
than those met with in the Jess extensive infiltration of 
healthy inflammation. The infiltration extends to and in- 

vades the walls of the adjacent alveoli, which are seen at 
the upper part of the drawing, ‘The cavity of the bron- 
chus contains a little mucus, m. x 200, reduced 4. 


tion becomes absorbed. Rindfleisch stated that these 
cells are, for the most part, larger than those met with in 
healthy inflammations; and that this being the case, 
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their removal by passage into the lymphatics is less 
readily effected. Giant-cells also are very constantly 
met with. There is probably, however, no difference 
between these elements and the formative and giant- 
cells which Ziegler found in all chronic inflamma- 
tions (p. 276). This large size of many of the young cells in 
scrofulous inflammation, and their marked tendency to 
infiltrate and accumulate is well shown in the accom- 
panying drawing (Fig. 103). 

We now come to a question which has long been a 
subject of discussion, and which is of great importance 
in the etiology of scrofula—viz., its relation to tubercle. 
It is generally held, and probably rightly so, that scrofula, 
favours tuberculosis; and clinically we know that tuber- 
culous processes are especially prone to occur in the 
scrofulous. The similarity in the histology of the lesions, 
however, together with the fact that the Bacillus tuber- 
culosis is often found in what appear to be simply 
scrofulous products, has suggested the possibility that 
the two diseases are identical—that the peculiarities of 
scrofulous inflammation are also due to the presence of 
the specific bacillus, and not simply to an inherited or 
acquired abnormal susceptibility to simple injuries. 
This view receives some support from a conswleration 
of the ready union obtained in amputations for 
strumous disease, the good results of complete excision 
of diseased synovial membranes, and of enucleation of 
strumous glands, which would seem to show that extremely 
severe injuries may be inflicted upon the tissues of stru- 
mous patients, and that they may subsequently be exposed 
to those minor injuries, and even to the irritation 
of septic discharges, which are held to render the in- 
flammation chronic, but still they do not in the majority 
of cases become again the seats of intractable inflamma- 
tion. It may be said that all the excessively vulnerable 
tissues of a part have been removed by amputation; but 
this can hardly be maintained in excisions in which parts 
of epiphyses are left, or in gouging operations upon 
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bones. The true explanation would seem to be that 
in all these cases we have removed not only the 
products of the inflammation but its cause; and what 
we know already of the etiology of chronic inflamma- 
tion leads us to suspect the infective nature of the 
latter. 

On the other hand, it may be said that in such cases 
as the above a scrofulous inflammation had already 
become infected with the tubercle bacillus; and when 
we remember the extreme frequency with which the 


‘mucous membranes and lymphatic glands in scrofulous 


s 


children are the seats of obstinate and protracted in- 
flammations which ultimately terminate in complete 
recovery, we cannot but question the identity of a 
scrofulous with a tuberculous process. It would seem 
more in accordance with the present position of our 
knowledge still to regard a scrofulous lesion as a 
simple but chronic inflammation, and a tuberculous one 
as specific and due to the Bacillus tuberculosis; the 
former constituting the soil which is most suitable for 
the development of this organism. 


CHAPTER XXXIIL 


INFLAMMATION OF SPECIAL TISSUES 
AND ORGANS. 


THERE 1s nothing, more to state concerning the process 
of inflammation, wherever it may occur. Every tissue in 
the body may be inflamed; but whilst this is common in 
some, it is rare in others. Certain forms of inflammation 
occur with especial frequency in certain parts; and the 
same part may present different appearances under the 
same form of inflammation. To these and similar points 
attention must now be directed. 


844 INFLAMMATION OF THE CORNEA. 


The student should have quite ready in his mind the 
different forms of inflammation, and their names should 
bring before him a picture of the tissues infiltrated by 
a certain exudation ; the possible fates of each exudation— 
complete absorption, imperfect absorption and its conse- 
quences, or death—must also be felt instinctively. 


INFLAMMATION OF THE CONNECTIVE TISSUES. 


Common connective tissue accompanies blood-vessels 
everywhere. When vessels are injured this tissue is more 
likely than any other to share in that injury; and if the 
vessels alone are damaged, it will be the first structure to 
experience the effects of the lesion. Thus, every form of 
inflammation occurs in connective tissue; the whole de- 
scription of the process applies to it. 

With regard to the special varieties of connective tissue, 
we shall speak first of the non-vascular—cornea and 
cartilage, both of which are interesting as the battle- 
grounds upon which the origin of the new cells in inflam- 
mation have been fought out; for it was hoped that 
migration from vessels would here be done away with. 
But wealready know from Senftleben’s experiments (p.267) 
that injury of the cornea produces none of the anatomical 
signs of inflammation unless the marginal vessels are 
affected, or leucocytes are admitted from the conjunctival 
sac, About the third day, however, after destruction of 
cells regenerative processes set in. Observations on car- 
tilage are more difficult, but they show that the above 
results hold good. 


INFLAMMATION OF THE CORNEA. 


Anteriorly and posteriorly the cornea is limited by 
membranes sufficiently stout to resist the passage of leu- 
cocytes, but these enter freely from the margin, together, 
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doubtless, with fluid exudation from the vessels, along 
the lymph-channels in which the cells and nerves lie, the 
leucocytes accumulating in clusters around the cells, 
Such exudation is accompanied by softening and opacity of 
the corneal structure, and may lead to alteration in its 
curvature. This happens in vascular keratitis and the 
interstitial inflammation of congenital syphilis. A slight 
vascular exudation forms beneath the roughened epithe- 
lum as a consequence of the irritation of granular lids, 
the condition being known as pannus. Pus may form 
between the layers of the cornea, constituting onyx; and 
ulcers in all staves are common. They heal by scar- 
tissue, and leave an opacity, und a more or less altered 
corneal curve. Any keratitis may be “ productive,” and 
result in opacity and altered curve. 


INFLAMMATION OF CARTILAGE. 


In the most acute inflammations of joints, the cartilage 
may slough bodily, as the cornea does in the worst cases 
of conjunctivitis, from. injury and lack of food combined. 
It then either peels off in flakes or softens and wears away 
at points of pressure. In less acute cases it may be 
invaded by leucocytes from the joimt cavity or from the 
bone. In the former case some white corpuscles may 
penetrate the injured part from the synovia; but the 
usual course is, that the synovial membrane becomes 
thickened by a vascular round-celled infiltration and 
sends processes inwards over the surface of the cartilage ; 
these creep on, adhering like ivy, and their cells penetrate 
into the substance of the cartilage, eroding it. Primarily, 
or secondurily to this process, the subjacent bone may 
inflame, and granulation tissue springing from it may 
similarly eat its way through the cartilages at several 
points. riddling it; or it may spread out beneath its car- 
tilage without perforating it, but loosening it so that it 
may fall into the joint-cavity. Asarule, no sign of mul- 
tiplication of cartilage cells is seen, although leucocytes 
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naturally collect in their capsules (Fig. 104); but regene- 
rative changes probably occur in chronic cases. In such a 
joint the fluid is always turbid from degenerating leuco- 
cytes and their products—thus differing from thatot serous 
synovitis ; the transition to pus is easy, with more intense 
irritation. Healing takes place by the formation of scar- 
tissue from the round-celled exudation ; short, extremely 
strong and wide achesions bind the surfaces together pro- 
ducing ftbrous ankylosis. If the bone is involved some 
or all of the adhesions will ossify—bony ankylosis. 


Fira, 104, 





Section of Inflamed Cartilage.—a. The normal cartilage- 
cells, 6 The same enlarged, d. Multiplication of cells 
within their capsules (probably invasion by leucocytes). 
e. Eroding Jayer of granulation tissue, x 250. (Cornil 
and ltanvier). 


INFLAMMATION OF BONE. 


Inflammation of bone always originates in its vascular 
structures—the periosteum and medulla. It is usual, 
however, to speak of an ostitis when the medulla lying in 
Haversian canals or cancellous spaces is affected; of a 
myelitis, when the medulla in the canal of along bone 
is most markedly involved. Strict limitation of inflam- 
mation to one of these parts does not occur; hence such a 
term as osteo-myelitis. 

PERIOSTITIS.—A serous form is described. It is 
rare, and is the mildest form of infective inflammation 
of the part. The exudation is highly albuminous (ostéite 
albuminense, Ollier). 


INFLAMMATION OF BONE. 847 


Fibrinous and productive inflammations are common 
as the result of injury and syphilis. The early syphilitic 
node consists of granulation tissue which may be absorked 
or go on to the production of fibrous tissuc, which 
may ossify. It very rarely breaks dpwn. Ossification 
begins beneath the periosteum, and from the surface 
of the bone. The vessels entering the Haversian 
canals in the latter are, on account of the elevation 
of the periosteum, more or less vertical to the surtace; 
hence the new MHaversian canals have the same 
direction. At first well-defined and easily separable 
from the old, the new and the old ultimately become in- 
distinguishably blended. Later in syphilis, when gum- 
mata form beneath the periosteum, it is common for 
suppuration and superficial caries to occur. The subcu- 
taneous bones are chiefly affected. Intlammatory thick 
ening of a bone 1s always due to periostitis. 

Suppurative periostitis is generally a part of the 
infective discase known as acute necrosis, which rarely, 
if ever, occurs after union of the epiphyses. It is believed 
by some that the poison lodges in the medulla, excites 
suppuration here, and spreads through Haversian canals 
to the periosteum to set up the same process ; but probably 
it may affect the periosteum primarily and alone. Pus 
forming beneath this membrane strips it up over a 
larger or smaller area; the vessels passing into the bone 
are greatly stretched, and this together with the primary 
damage to the Fossels induces thrombosis of many. 
Hence superficial necrosis is the usual result; and if the 
medulla also has suppurated, the necrosis will be total— 
involve the whole thickness of the shaft. Py#mia com- 
monly occurs before the abscess is opened ; it ig in this 
disease that infective fat-embolism probably occurs. In 
septic osteo-myelitis a diffuse suppurative inflamma- 
tion attacks the medulla and periosteum, causing total 
necrosis of large portions of bone, and very frequently de- 
stroying the patient by pyamia. 

osTirrs.—The mildest form described is that: in which 
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granulation tissue is produced. This occurs much oftener 
in cancellous (vertebre, tarsus, carpus, epiphyses of long 
bones) than in compact bone. A round-celled infiltration 
takes place in the medulla and presses into the Haversian 
canals; the fat celle disappear before it. So also does the 
hard substance of the bone; cancellous plates are eaten 
through and Haversian canals widen. A section shows 
the spaces crowded with small round cells, often develop- 
ing in parts into fibrous tissue, and on the surface of the 
bone in contact with them are seen semilunar erosions as if 
small bites had been taken out of it. These are called 
Howship’s lacunes. Each contains leucocytes, formative 
cells, and often a giant-cell. These cells are eating away 
the bone. The normal bonc-corpuscles remain unchanged 
so long as they are distinguishable. This process is called 
rarefying ostitis, and is an ulceration or caries of bone 
without formation of pus. Nothing is more natural than 
that a bone thus weakened should yield to pressure; thus 
bodies of vertebra may disappear more or less completely, 
those above and below becoming approximated ; and shafts 
of long bones bend markedly as is seen in ostitis deformans 
(Paget) and other diffuse inflammations. The inflamma- 
tory’tissue may pursue any of the courses mentioned on 
p- 286. 

In a very early case absorption might occur, and regene- 
ration make good any loss. But when oncemarked destruc- 
tion of bone has occurred, scar-tissue must form and ossify 
if a cure is tobe effected, and this iswhat happens in cases of 
spinal curvature without abscess. Too often, however, 
degeneration and softening of the cells, with more or less 
suppuration occurs, a cold abscess resulting (p. 278). 
When this is opened. the ulcerating, carious, surface of 
bone is exposed. If healing occur, it 1s by the development 
of healthy granulation tissue and subsequent scar-tissue, 
which ossifies. Tubercles are almost always found in such 
carious processes. Syphilis is another cause. 

Breaking down of granulation tissue from closure of its 
vessels leads to death of the attacked bone; the pieces 


INFLAMMATION OF BONE. 349 


which come away are generally of small size—caries 
necrotica. 

In the most chronic forms of ostitis no rarefaction 
of bone occurs; the new growth slowly ossifies, and the 
Haversian canals and cancellous spaces diminish. The 
bone consequently becomes extremely heavy and ivory 
like; it is generally thickened irregularly from coincident 
periostitis. This occurs especially in the long bones and in 
the bones of the skull, from syphilis. It is called con. 
densing ostitis or sclerosis. It is said that simple 
closure of a large number of Haversian canals may lead to 
death of the affected bone. In syphilitic necrosis of the 
skull the sequestrum is often very dense; it has probably 
been killed by degeneration and death of the inflammatory 
products in the bone around the sclerosed patch, and con- 
sequent destruction of the few vessels which entered it. 

Nothing is commoner than to find the rarefying and con- 
densing ostitis combined. Around carious patches, ostco- 
plastic periostitis and condensing ostitis frequently exist, 
thickening and rendering more dense the surrounding 
bone. It may be that this less acute inflammatory pro- 
cess is coupled with true hyperplasia of the bony tissue. 

NECROSIS.— We have already seen that death of bone 
may result in several ways from different forms of inflam- 
mation, each leading, however, to destruction of vessels 
and arrest of nutrition. 

This may be brought about by injury stripping off the 
periosteum and breaking up the medulla; but the extreme 
rarity of necrosis, even in the most serious simple fracture, 
shows that injury alone, with the inflammation which it 
excites, is scarcely to be regarded as a cause. But it may 
act indirectly by preparing the nidus for septic (in com- 
pound fractures) and infective organisms, These con- 
stantly acting and severe irritants increase the damage s0 
much that more or less extensive thrombosis, with death 
of the parts, ensues. 

Suppuration beneath the periosteum and in the medulla 
are the causes of necrosis. This result is much commoner 
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in compact than in cancellous tissue, owing to the greater 
ease with which exudations compress the vessels in the 
unyielding channels of the former. Necrosis may occur 
also in a less violent way in rarefying and condensing 
ostitis (see antea), by death of the infiltration. 

The piece of dead bong is called a sequestrum; it is 
cast off by a process of caries described on p. 348. It may 
be total, involving the whole thickness; superficial, or 
central—the latter being much the rarer. 

The removal of the sequestrum from the granulation 
tissue with which it is in contact is often effected only 
with considerable difficulty, especially if it be deeply 
seated. This difficulty is occasionally duc to a more or 
less thick layer of the old bone surrounding the necrosed 
portion. Much more frequently, however, it is owing to 
the participation of the periosteum in the inflammatory 
process. The inflamed periosteum produces new bone, 
a capsule of which is thus formed, inclosing the se- 
questrum. Openings exist in this capsule (cloace) leading 
to the dead bone, and through these openings the inflam- 
matory products are discharged. When the sequestrum 
is quite superficial, its removal is, of course, more readily 
effected. 

There are two other morbid conditions of bone, 
which although probably not coming within the 
category of inflammation, may be conveniently de- 
scribed in the present chapter—viz., Mollities Ossium 


and Rickets. 


MOLLITIES OSSIUM. 


Mollities Ossium or Osteomalacia is a rare disease, 
occuring only in adults, and especially in pregnant women 
who have borne many children. It is characterised by 
progressive decalcification of the bones, whilst the marrow 
increases steadily and becomes converted into a vascular 
round-celled structure. All bone is gradually absorbed, 
except a thin layer beneath the periosteum; 80 the bones 
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become mere shells in extreme cases, very light, easily cut 
with a knife, bending or breaking readily. Karly in the 
disease fractures unite. On section in early stages the 
cancelli and Haversian canals are enlarged and full of a 
reddish, gelatinous substance, which at a later period may 
become yellow and fatty. 

The nature of the disease is obscure. Sporadic cases 
occur everywhere, but it is frequent in some places; 
as in certain valleys about the Rhine, where, it is 
stated, there are women living who have undergone 
Cesarean section for deformed pelvis more than once. 
The pelvic deformity is of chief importance; the sacrum 
is pushed downwards by the weight of the body, and 
the acetabula upwards and inwards by the resistance 
of the femora, thus greatly shortening the two oblique 
diameters. 

Lactic acid has been found in the bone, the reaction of 
which is said to be acid, and in the urine. The latter 
uaually contains excess of lime salts which have been 
removed from the bone and eliminated. 


RICKETS. 


This disease of children is so specially frequent in the 
large towns of England that it has acquired on the Con- 
tinent the name of the “ English disease.” It appears to 
be caused by defective hygienic conditions, especially bad 
air and improper feeding. It is particularly common in 
children brought up by hand, and, according to Sir W. 
Jenner, becomes more severe in the later children of poor 
families. It may probably be said that all conditions 
which materially interfere with the nutrition of a child 
may cause rickets; and among these the absence of fresh 
food ranks highest. 

The disease is characterised mainly by changes affect- 
ing the growing tissues of bones, and therefore most 
marked where growth is most active—viz., at the 
epiphyses of long, and at the margins of, flat bones. 
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These changes produce undue softness and- consequent 
bending or breaking (green-stick fracture). The bone 
lesions are accompanied by symptoms of general ill- 
health, and often by enlargement of the liver, spleen, 
and less often, of the kidneys and lymphatic glands, 
due chiefly to increase of their interstitial connective 
tissue, but in part also to overgrowth of their essential 
structure (Dickinson). 

The alteration in the bones may be briefly described as 
consisting in ‘‘an increased preparation for ossification, 
but an incomplete performance of the process” (Jenner), 
Tf we look at the end of a healthy, growing, long bone we 
see the white epiphyseal cartilage adherent along a 
straight linetothe shaft which consists here of loose cancel- 
lous tissue, the spaces of which are filled with red marrow. 
Between the bone and the epiphysis is a blue, semi-trans- 
lucent band about one millimetre broad with practically 
straight margins. Microscopically, the blue line is found 
to consist of the one or two layers of cartilage-cells which 
normally multiply and enlarge, forming the well-known 
oval groups among which ossification proceeds. The 
septa between these groups have become very thin, and 
towards the shaft they are calcifying; a sudden transi- 
tion from the cartilago-cells to those of the vascular red 
marrow isseen. Sosoonas these spaces (primary areola) 
with calcified walls are occupied by the round-celled 
marrow, absorption begins, and adjacent spaces open into 
each other and form the larger secondary areola. On the 
walls of these lamines of bone are deposited, including 
osteoblasts in lacunze between them; and-thus Haversian 
systems are gradually developed. The calcified cartilage- 
matrix is darkerand more granular than the bone laid 
down by the medulla which gradually replaces it 

In a ricketty bone, the blue transition zone is in its 
elements like that in health, but 1s much wider than 
normal, affecting several rows of cells, and its outlines 
towards the bone and towards the cartilage are very 
irregular, the calcification of the matrix to form primary 
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areola occurs without any regularity, so that patches of cal- 
cification or of young bone may be found in the transition- 
zone detached from the shaft, and oval collections of car- 
tilage-cells are seen among secondary areole full of red 
marrow. Speedy fusion of the primary into secondary 
areoles occurs, but the deposit of lamin of bone is in- 
significant. 

Beneath the periosteum, osteoblasts form in excess of 
the normal, and osteogenic fibres appear, but calcification 
is very backward. Central absorption goes on as usual 
to form the medullary cavity, and the sound bone which 
was laid down before the onset of the disease, and which 
was distinguished from the ricketty bone by its greater 
density and less opaque aspect, is gradually removed. 
The bone, now consisting only of the soft ricketty struc- 
ture, yields more or less readily under pressure, or breaks 
under slight violence. The fracture, however, 1s often 
incomplete. When bending occurs, Nature endeavours to 
support the concave side by throwing out along it a 
buttress of bone. This is often seen in the femur and 
tibia, giving the bones a flat, somewhat razor-like ap- 
pearance. 

The thickening of the epiphyses, the displacements 
which occur about the junction of shaft with epiphysis, 
the thickenings of the edges of the cranial bones, as the 
parietals, and the abnormal curvatures of bones under 
pressure, are readily explained by conditions such as the 
above. 

The process above described seems to be injurious to 
the subsequent growth of the epiphyses. They often joi 
the shafts early, dwarfed stature being the result. We 
may just mention on account of its importance the ricketty 
pelvis. ‘There aretwo forms. The first shows shortening 
of the conjugate diameter only, and is contracted in cases 
in'which the child, being unable to walk, is kept lying. 
The other closely resembles the osteomalacic pelvis, and 
the mechanism of its production is the same, for it occurs 
in children who are able to walk about. 
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CHAPTER XXXIV. 
INFLAMMATION OF BLOOD-VESSELS. 


INFLAMMATION OF ARTERIES. 


In studying the process of inflammation im arteries, it 
must be borne in mind that the middle and inner coats of 
these vessels are non-vascular, the bloodvessels being 
distributed in the external layers. As in other tissues, 
inflammation of arteries may be acute ar chronic. 

ACUTE ARTERITIS.— Acute idiopathic arteritis was 
formerly regarded as common, the staining of the inner 
coat which occurs in septic fevers being mistaken for 
inflammatory hyperamia. No such disease is now recog- 
nised. Acute inflammation may be produced by injury, as 
when a vessel is tied, twisted, &c. ; or by the formation or 
impaction in the vessel of an irritant body (thrombus or 
embolus); or by extension from surrounding parts. 
The changes in traumatic arteritis are described at p. 234, 
and the effects produced by a simple thrombus are similar. 
Plugging of an artery by a simple embolus causes only a 
chronic inflammation ; but the infective emboli in cases of 
ulcerative endocarditis, &c., are believed to produce acute 
infiltration and softening, and to be the chief cause of 
aneurism in young people. In arteritis by extension the 
outer coat is first and chiefly affected; if the process 
extends so as to affect the intima, the endothelium 
becomes shed, and thrombosis results. Thus destruction 
of vessels by ulceration does not cause hasemorrhage, 
unless the clot breaks down, as it possibly will if infected 
from a foul wound. This is the commonest cause of 
secondary hemorrhage. 

CHRONIC ENDARTERITIS.— Whilst the acute 
infammations affect more or less generally the whole 
thickness of the artery, the chronic inflammations affect 
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primarily and perhaps solely the deeper layers of the 
intima. Hence the term chronic endarteritis. 

The causes of chronic endarteritis are mechanical 
strain and syphilis. The former has been shown byMoxon 
to be the cause of those very common changes in the 
larger arteries after middle life which go by the names— 
chronic endarteritis, arteritis deformans, or athe- 
roma. The proofs adduced are—the much greater fre- 
quency of these changes in the aortic than in the 
pulmonary system; their occurrence in the latter when 
the pressure is raised, as in mitral obstruction; their 
relative frequency in those systemic arteries which are 
most exposed to strain, especially the arch of the aorta; 
and the effect of conditions which raise the blood-pressure 
in producing them. Thus athletes are very liable to the 
disease ; and chronic Bright’s disease, in whrch the high- 
tension pulse is well known, is a common cause of 
atheroma. Syphilis, as a cause of endarteritis, has been 
considered in a preceding chapter (see p. 335). 

Atheroma affects chiefly the larger vessels of the 
trunk and limbs, and those at the base of the brain. It 
commonly forms rings round the mouths of branches 
leaving a main trunk. It appears as slightly prominent 
yellowish patches, covered by normal endothelium; in 
fact, this and the superficial layers of the intima may be 
stripped off, leaving the diseased tissue beneath. It thus 
contrasts strongly with the superficial fatty patches 
which result from fatty degeneration of the endothelial 
and sub-endothelial connective-tissue cells (p. 62). 

In the earliest stage of the process a greyish, semi- 
translucent, round-celled infiltration is found between the 
laminm forming the deeper part of the intima. This may 
go on to the production of fibrous tissue, a dense fibroid 
plaque or more diffuse thickening resulting; more often 
formation of fibroid tissue and fatty degeneration are 
found together (Fig. 105); or fatty degeneration and 
calcification may occur; or the fatty degeneration may 
lead to complete softening. Then a soft, yellowish, pul- 
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taceous material, consisting of fatty débris and cholesterin 
crystals,'is found beneath the intima. This has been 
termed an atheromatous abscess. If the lining mem- 
brane perishes or is torn, the softened matters are carried 
away by the blood-stream, leaving an atheromatous 
ulcer, The middle and external coats become more or 


less infiltrated with leucocytes and converted into fibrous 
tissue. 


Fig. 106. 
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Atheroma of the Aorta.—Showing the cellular infiltration 
of the deeper layers of the inner coat, and the consequent 
internal bulging of.the vessel. The new tissue has under- 
gone more or less fatty degeneration. There is also some 
cellular infiltration of the middle coat. i. Internal, m. 
middle, e. external coat of vessel, x 60, reduced 4. 


It is not uncommon to find the arch of the aorta so 
studded with small, thickly-set, raised plaques that it 
looks somewhat like alligator-hide. The plaques ‘are 


INFLAMMATION OF VEINS. oof 


yellow, many of them perhaps calcified, and the calcareous 
plates may be quite bare or covered by endothelium or 
a little fibrin; atheromatous abscesses and ulcers may 
also be present. The orifices of the coronary arteries are 
often mare or less diminished by yellow rings around 
them, and the blood supply to the heart proportionately 
lessened. 

It is obvious that changes of this kind will greatly 
impair the elasticity of a vessel and render imperfect the 
circulation in the parts beyond. Moreover, the inelastic 
vessel wall tends slowly to yield under the constant 
pressure to which it is subject. General dilatation of the 
vessel results ; perhaps even a fusiform or cylindriform 
aneurism. When an atheromatous ulcer forms, the 
vessel is specially weakened at this spot, and a sacculated 
aneurism, or even rupture, may occur if the external 
coats have not been greatly strengthened by the formation 
of inflammatory tissue in them. And if the tissues round 
the margin of the ulcer have not been matted together by 
new tissue, the blood may find its way in the substance of 
the middleoat between the internal and external, forming 
@ dissecting aneurism. 
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Inflammatory processes in veins are more frequent 
than in arteries, but here they are in the very great 
majority of cases secondary to coagulation of the blood 
within the vein (thrombosis), the coagulum exercising an 
injurious influence upon the coats of the vessel. These 
inflammations resulting from thrombosis have already 
been described (p. 231). They are localised or spreading, 
according as the clot is simple or continued (p. 233). 

Other causes ‘of phlebitis are violent injury, and 
extension of inflammation from adjacent tissues. Paget 
describes a gouty phlebitis especially common in the 
internal saphenous, and often recurrent. 

The structural changes closely resemble those in the 
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arteries. In phlebitis from injury or from extension, the 
external and middle coats become infiltrated with cells, 
the vitality of the intima ultimately becomes impaired or 
lost, and when this has occurred the blood within the vein 
coagulates. In phlebitis from thrombosis the endothelium 
must suffer earliest. : 


CHAPTER XXXV. 
INFLAMMATION OF THE HEART. 


INFLAMMATORY processes in the heart may affect the sub- 
stance of the organ, or the endocardium. They are much 
more frequent in the last-named situation. 


ENDOCARDITIS. 


Endocarditis is for the most part limited to the valves 
of the heart, although it is occasionally met with in- 


Fic. 106, Fie. 107. 
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Inflammation of Aortic Valves. Inflammation of Mitral Valwe. 


—The earlier stage of the pro- —The earlier stage of- process, 
cess. Showing the situation Valve seen from the auricular 
of the inflammatory granula- surface. Showing the situation 
tions. ‘of the inflammatory granula- 


tions, 
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volving more or less of the cardiac cavities. After birth 
the process is almost exclusively confined to the left side 
of the organ, and in the great majority of cases 1t com- 
mences in, and comparatively rarely extends beyond, the 
confines of the aortic and mitral valves and corre- 
sponding orifices. But during fcetal hfe, endocarditis is 
as exclusively confined to the right side (arterial), giving 
rise to congenital valve- 
lesions. It is those por- 
tions of the valves which 
come into contact in the 
act of closure, and are 
thus most exposed to fric- 
tion, which are especially 
involved, and in which 
the changes usually com- 
mence. ‘Thus, in the 
aortic valves, it is the 
convex surfaces of the 
segments which are most 
liable to be affected, and 
not the free edge of the 


segment, but the little i ae 
band of tissue which Endocarditis due to Friction.—The 

: drawing represents a long vegetation 
passes from its attached on one of the segments of tho aortic 


border to the corpus valve, which by rubbing on the endo- 
Avani. ia th cardium below has produced nume- 

a centre rous inflammatory granulations (4). 
(Fig. 106); and in the 


mitral valve, the auricular surface of the segments at a 
little distance from the attachment of the chordx ten- 
dines (Fig. 107). When portions of the endocardium 
apart from the valves are affected, this is frequently due, 
as pointed out by Dr. Moxon, to the irritation caused 
by the friction of vegetations or fibrinous clots situated 
on the valves themselves (Fig. 108). 

The histological changes accompanying endocarditis 
resemble those already described as occurring in those 
more chronic forms of arterial inflammation known as 
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atheromatous. The endocardium and inner coat of an 
artery are very analogous in their structure, both being 
non-vascular, and consisting of a layer of connective 
tissue with an internal endothelial covering. The inflam- 
matory process may be acute or chronic. 
ACUTE ENDOCARDITIS.—If the process be acute, 
the deeper layers of the endocardium become rapidly 
infiltrated with young cells, and as these increase in 
number the intercellular substance becomes softened and 
destroyed, and thus is produced a soft tissue composed 
almost entirely of cells such as always results from 
inflammatory processes in connective tissue. The new 
tissue as it increases projects through the superjacent 
endothelium in the form of minute granulations and 
vegetations upon the surface of the 
softened valve. (See Figs. 106 and 
Cn oe - 107.) The endothelial elements 
Fae are said by some to participate in 
the active process. This is the 
' papillary form of the disease. 
The above changes take place in 
ee an almost non-vascular tissue, and 
Acute Endocarditis although there is more or less in- 
A granulation from tho crease of vascularity in the external 
mitral valve, showing a . : 
fibrinous coagulum upon endocardial layers, where the capil- 
the surface of thegranu- Jaries are moro numerous, there is 
lation. x 10. (Rind- Gl coke rat 
fleisch.) rarely any redness or injection of 
the endocardium seen after death. 
The granulations, rough and bereft of endothelium, 
frequently induce coagulation upon themselves, and 
become covered by fibrinous caps. These must not be 
confounded with the vegetations themselves. (Fig. 109.) 
The results of this cellular infiltration vary. If the 
process be very intense the riew tissue may break down, 
and thus a loss of substance result—an endocardial ulcer. 
This takes place without any accumulation of cells 
sufficient to form an abscess, the new tissue simply 
becoming rapidly softened and disintegrating. In rare 
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cases, however, small quantities of pus are found in the 
deeper endocardial Jayers. The ulcer is irregularly 
defined, and its edges are usually swelled and thickened. 
This ulcerative endocarditis is, however, not frequent, 
the process usually being less acute. The ulceration 
may lead to perforation of the valve, or to a considerable 
destruction of its substance. Laceration or aneurism 
of the valve may also ensue from the pressure exercised 
by the blood against the damaged tissue. Sometimes 
the ulcerative process extends so as to involve the cardiac 
substance. Ulcerative endocarditis is a grave affection, 
often giving rise to embolism, and sometimes to 
pyxmic process. 

When the inflammatory process is less intense, as is 
much more commonly the case, the granulating valves 
may adhere to each other, or to an inflamed patch 
on the wall of the heart. The new tissue becomes 
incompletely organised into a  fibrillated structure, 
whilst it undergoes, in part, fatty and calcareous de- 
generation. These changes always produce permanent 
thickening, rigidity, and shrinking of the valves, and 
consequent insufficiency, stenosis, or both, The new 
tissue may continue to grow after the severity of the 
process has subsided, and thus are produced the vege- 
tations and papillary excrescences on the valve which 
are so commonly met with. (See Fig. 108.) These 
consist of a lowly organised tissue, which tends to un- 
dergo fatty and calcareous changes. 

Etiology.—Endocarditis occurs especially in acute 
rheumatism; also in pyzmia, puerperal fever, gonorrwhal 
rheumatism, scarlatina, typhoid, and chronte Bnght’s 
disease. The papillary form is by farthecommoner. The 
ulcerative may occur primarily, but as a rule supervenes 
upon the papillary or chronic forms. 

The relution of endocarditis to the above diseases, and. 
the course of the ulcerative form, suggests an infective 
origin. In ulcerative endocarditis many observers have 
found micrococcus-colonies on the vegetations and in 
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the substance of the valves. Késter and Klebs found 
them also in the papillary form. Yn some cases bacilli 
also have been found. In five cases of primary ulcerative 
endocarditis examined by B.-Hirschfeld, cocci only were 
present in all; and these organisms are demonstrable 
also in the secondary inflammations. In some cases to 
fungi have been found. No positive conclusion can be 
arrived at with regard to the etiology of the disease 
without culture- and inoculation-experiments. 

CHRONIC ENDOCARDITIS.—This may be the 
sequel of acute inflammation, or the process may, from 
its commencement, be chronic in its nature. Conditions 
of mechanical strain, such as lead to chronic endarteritis, 
are the most important causes of chronic inflammation 
of the endocardium. The cell-infiltration is much less 
rapid and abundant than in the acute form; the inter- 
cellular substance consequently becomes much less 
softened and destroyed, and the new tissue has a much 
greater tendency to develop into a fibrillated structure. 
The result of these chronic processes is the production 
of a fibroid thickening of the endocardium, with 
considerable induration and contraction of the valves 
or valvular orifices. " The new tissue sometimes forms 
papillary growths on the valves, which undergo partial 
fatty and calcareous changes. (See Fig. 108.) 


MYOCARDITIS. 


Myocarditis, or inflammation of the cardiac substance, 
is much less frequent than the preceding. Intense and 
concentrated inflammations leading to the formation of 
abscess probably occur only as the result of a pyzmic 
process. Less intense and more diffuse forms of cardiac 
inflammation are also not unfrequently met with in 
association with pericarditis, and, less commonly, with 
endocarditis, Here the inflammatory process appears, 
by extension, to involve the immediately adjacent mus- 
cular layers of the organ, which are found infiltrated 
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with small cells, the fibres themselves being softened 
and granular. 

In addition to the above, a form of myocarditis must be 
recognised in which the substance of the heart becomes 
more generally involved. In certain cases of acute rheu- 
matism the muscular tissue of the heart is found after 
death swollen, softened, opaque, and occasionally faintly 
mottled with slightly yellowish patches. When examined 
microscopically, the fibres are seen to have lost their 
striation and to be finely granular, their nuclei are large 
and prominent, and small cells are found im varying 
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Acute Myocarditis.—From a case of acute rheumatism. 
a. A thin section of the left ventricle made in the direction 
of the muscular fibres, showiygg the granular and swollen 
condition of the fibres, and the prominence of their nuclei. 
b. A transverse section, showing the cellular infiltration 
of the intermuscular tissue. x 200. 


numbers, infiltrating the intermuscular tissue. (Fig. 110). 
I have met with these appearances in two or three cases 
of acute rheumatism, and they must, I think, be regarded 
as evidence of the existence of an acute inflammatory 
process. The change is most marked in the left ventricle, 
and it is usually associated with endo- or peri-carditis. 
It is a grave complication of acute rheumatism, and 
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perhaps of some other diseases; it is probably more fre- 
quent than is generally supposed. 

FIBROID INDURATION OF THE HEART.— This, 
@ comparatively rare condition, 1s probably, in most cases, @ 
result of chronic myocarditis. The change is characterised 
by the development of a fibrillated tissue between the 
muscular elements. The process commences in the inter- 
muscular septa around the blood-vessels. This becomes 


Fic. 111. infiltrated with small cells, which 
fs aes tend to develop into connec- 
8 9h tran Ete ; tive tissue. (Fig. 111.) The 


growth of new tissue gradually 
extends between the bundles 
of muscular fibres, so that ulti- 
| mately each fibre may be sur- 
rounded by a tract of dense 
fibroid tissue. (Fig. 112.) The 
muscular fibres themselves, 
owing to the resulting inter- 
ference with their nutritive 


Fibroid Induration of the supply ’ atrophy, undergo fatty 
Heart.—A thin section from metamorphosis, and are gra- 


showing. tho smalleciied Geally replaced by the fibroid 
growth in the intermuscular growth. (Fig. 112.) Very fre- 
sad Se acl asada ea quently the cellular nature of 

ie ’ the growth, which I believe to 
characterise the earlier stages of its development, is not 
seen, the new tissue being simply fibroid.* 

Fibroid induration of the heart appears In many cases 
to be induced by inflammatory processes commencing in . 
the peri- or endo-cardium. When secondary to pericar- ° 
ditis, the change is usually most advanced in the more ex- 
ternal portions of the cardiac walls, and it commonly affects 
both the right and left ventricles. When, on the other 





* Dr. Hilton Fagge, in a series of eleven cases of fibroid disease 
of the heart, found that cellular eloments in the new growth were 
almost invariably absent. (See Trans. Path. Soc, Lond., vol, xxv. 
P, 64.) 
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hand, an endocarditis is the precursor of the indurative 
process, the change is more marked in the internal mus- 
cular layers, and inasmuch as inflammatory processes in 
the endocardium occur almost exclusively in the left 
cardiac cavities, the left ventricle is principally involved. 
In other cases the fibroid growth appears to be the result 
of syphilis. (See “‘ Syphilis.’’) 

Although the growth of new tissue is thus usually more 
advanced in certain portions of the muscular walls than 
in others, it is by no means uniformly distributed. In 
some parts it may be very dense, the muscular fibres 


Fira. 119. 





Fibroid Induration of the Heart —A., section from the 
left, vontricle of the same heart as Fig. 111, showing 
a more advanced stage. ‘The fibroid tissue surrounds 
the individual muscular fibres, which are undergoing 
fatty degeneration, x 200. 


being entirely obliterated, whilst in others it is entirely 
wanting, and the muscular elements present a normal 
| appearance. 

The cardiac walls may become much thickened by the 
new growth, and the induration of texture is often very 
considerable. In the specimen from which the accom- 
panying drawings were made the walls of the left ventricle 
were so hard that they cut almost like a piece of tendon. 

Fibroid induration of the heart—excluding that result- 
ing from syphilis—appears to occupy the same patholo- 
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gical position as similar fibroid changes in other organs 
e.g.. in the liver and kidneys. It must therefore be 
regarded as the result of a chronic inflammatory process 
—a chronic myocarditis. Its effect must evidently be to 
interfere very materially with the motor power of the 
organ, and it consequently constitutes one of the most 
grave of all the cardiac diseases, 


CHAPTER XXXVI. 


INFLAMMATION OF LYMPHATIC 
STRUCTURES. 


INFLAMMATORY processes in lymphatic structures usually 
result from their injury by substances conveyed to them 
by the lymphatic vessels. T’hey include—acute and 
chronic inflammations, and the specific inflammations 
associated with Fyphoid Fever. Hach of these must be 
considered separately. 


ACUTE INFLAMMATION OF LYMPHATIC STRUCTURES. 


Examples of acute inflammation of lymphatic struc- 
tures are furnished by the inflammation of the glands in 
the axilla from a wound on the hand, of the glands in the 
groin from gonorrhaa, and of Peyer’s and the solitary 
glands in the intestine from inflammation of the intes-— 
tinal mucous membrane. 

Inflammation of lymphatic glands is almost always due 
to absorption of some infective substance from a primary 
focus of inflammation (diphtheritic, erysipelatous, scar- 
latina), chancrous, &c.); micro-organisms have frequently 
been demonstrated in them. A gland affected by acute 
inflammation becomes intensely vascular and the seat of 
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free exudation. The escaping leucocytes accumulate in 
its tissues and sinuses, until all distinction between 
medulla and cortex has disappeared, and the gland sub- 
stance is soft and pulpy, and perhaps strewn with 
heemorrhages. Leucocytes in thelymph coming from the 
pyimary focus are also detained in the gland. 

Upon the removal of the injurious influence the process 
may gradually subside, the new elements undergo disin- 
tegration and absorption, and the gland returns to its 
normal condition (Resolution). 

In other cases the process goes on to suppuration, the 
trabeculew are destroyed, many of the cells become disin- 
tegrated, and the loculi of the gland become filled with 
pus. This is usually associated with inflammation and 
suppuration of the surrounding connective tissue. In 
the glands of a mucous membrane the process gives rise 
to what is known asa follicular abscess. In still more 
acute cases the inflammation may be truly hemorrhagic. 


CHRONIC INFLAMMATION OF LYMPHATIC STRUCTURES. 


Chronic inflammations of lymphatic structures result 
from injuries which are less severe and more prolonged in 


Fic. 113. 





Chronic Inflammation of a Lymphatic Gland,—Show- 
ing the increase in the stroma, and the diminution in 
the number of the lymphoid cells. x 200. 


their action than those which give rise to the acute form. 
The resulting cellular infiltration of the gland is conse- 
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quently a more continuous one, and the gland becomes 
more or less permanently increased in size. The reticulum 
is also considerably involved. These chronic inflam- 
matory processes differ from the acute, inasmuch as they 
lead to a gradually increasing development of the reticular 
structure of the gland. The reticulated network becomes 
thicker and more fibrous, its meshes become smaller and 
smaller, the lymph-cells diminish in number, and thus the 
gland becomes hard and fibrous ib consistence. (Fig. 113.) 
Perhaps, in these chronic cases, the cells of the gland- 
substance, and the flat connective-tissue cells covering the 
trabecules multiply and assist in forming the infiltrating 
cells; but it is difficult to prove. Fatty patches are 
frequent in chronically inflamed glands. 

Scrofulous Glands.—In those chronic inflammations 
of the lymphatic glands which occur in scrofulous sub- 
jects, and in which the glands tend to become caseous, 
the changes resemble those which have been already 
described as characteristic of scrofulous inflammation. 
(p. 340.) The cell-infiltration is considerable, there is 
but little tendency to absorption, and many of the cells 
increase in size, and even form multi-nucleated elements. 
The gland thus becomes enlarged, soft, and elastic in 
consistence, and of a uniform greyish-white colour. 
Owing to the obstruction to the circulation caused by the 
pressure of the cellular infiltration, the gland undergoes 
retrogressive changes and becomes easeous. The caseous 
material may subsequently liquefy, or become infiltrated 
with calcareous particles. Many caseous lymphatic glands 
are tuberculous (p. 313), andthe Bacillus tuberculosis is 
found in them in small numbers. 


INFLAMMATION OF LYMPHATIC STRUCTURES IN TYPHOID 
FEVER. 

The inflammatory processes which occur in the lym- 
phatic structures in typhoid fever have their seat in the 
spleen, in the lymphatic structures of the intestine, and 
in the mesenteric glands. 
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The Spleen.—In the spleen the change resembles that 
which occurs in many of the other acute febrile diseases, 
although: it reaches its maximum in typhoid. The 
splenic tissue becomes exceedingly vascular, and the 
lymphatic elements increase rapidly in number, so that 
the organ often attains two or three times its natural 
‘size. _ Many of-the new elements enter the blood, thus 
causing a slight temporary increase in the number of 
white blood-corpuscles. As the fever subsides, the 
hypersemia diminishes, many of the new elements un- 
dergo disintegration and absorption, the remainder enter 
the blodd, and thus the organ again attains its normal 
characters and dimensions. 

The Intestinal Lymphatic Structures.—It is in 
the solitary and Peyer’s glands that the most charac- 
teristic changes take place in typhoid fever. These 
structures may be involved throughout the whole of the 
small and large intestine, but in most cases the process 
is limited to those in the ileum and cacum; and those 
glands are always the most affected which are situated 
the nearest to the ileo-cacal valve. 


Fig. 114. 













































































Typhoid Swelling of Peyer's Patches and Solitary Glands 
of the Intestine, 


The primary change here consists in a hyperamia and 
cellular infiltration of the glands. Many of the cells 
increase considerably in size, so as to form the multi- 
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nucleated elements already alluded to. Both Peyer’s 
patches and the solitary glands thus become considerably 
enlarged and prominent, standing up above the surface 
of the intestine. (Fig. 114.) They are of a greyish- 
white or pale reddish colour, and of a soft, brain-like 
consistence. The surrounding mucous membrane is also 
exceedingly vascular, and is the seat of an acute 
catarrhal process. This catarrh is more or less general, 
and usually precedes the swelling of the glands. The 
cellular infiltration, in many parts, rapidly extends 
beyond the confines of the glands into the immediately 
surrounding anu subjacent tissues, and in some cages 
even into the muscular coat. . 
The process now passes into the second stage—that of 
the death and disintegration of the newly formed tissue. 
This may terminate in various ways. Many ofthe enlarged 
glands subside, the new elements become disintegrated 
and are absorbed, and the intlammation thus  un- 
dergoes a-gradual process of resolution. In others, 
the individual follicles of the gland rupture, discharging 
their contents externally, and 
Fig. 116. the patches then acquire a 
~ peculiar reticulated appearance. 
i, The most characteristic termi- 
"} nation, however, of the typhoid 
= Sp itll P process is the separation of the 
ee uel dead tissue as a slough, and 
i ait Hl (ih the formation of the typhoid 
nee ‘iii, weer. 
ASE Wi The process of sloughing ana 
ulceration may, like the cellular 
. suai eas ale infiltration, take place uniformly 
throughaut the whole gland, 
in which case the whole mass is thrown off, leaving 
an ulccrated surface corresponding in size with that 
of the pland. (Fig. 115.) More commonly, however, 
the sloughing commences in different portions of the 
patch, and small irregular losses of substance: result, 
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which may gradually extend until they form one large 
ulcer. 

Although, as already stated, the cellular infiltration 
may extend beyond the confines of the glands, this is 
rarely the case with the ulceration. The peripheral in- 
filtration undergoes resolution, and hence the ulcers have 
the same configuration as the original glands; those 
originating from the patches being oval, with their long 
diameter in the direction of the gut; and those ori- 
ginating in the solitary glands being spherical in shape. 
In rare cases, when there is much infiltration of the 
surrounding mucous mem rane, the ulceration may ex- 
tend slightly beyond the confines of the glands. 

With the sloughing and disintegration of the new 
tissue the process of infiltration cegses, and hence there 
is no induration or thick- 
ening of the base or 
edges of the ulcer. ‘The 
base is smooth, and is 
usually formed of the Pit ee hae aaa eats eet 
submucous or muscular PAT uonsa, wear dems pane aetna tt 
coat of the intestine. mined cdges of the ulcer and the 
The edoes are thin and sleugh still adherent, a. Epithehal 

2 .. lining, & Submucous tissue. — c. 
undermined, and consist Mugcular coat, d. Peritoncum. 
of a well-defined fringe 
of congested mucous membrane. (Fig. 116.) This is best 
seen when the gut is floated in water. In some cases, 
however, the sloughing extends deeper through the mus- 
cular layer to the sub-peritoneal tissue, and it may thus 
cause perforation and peritonitis. 

The third stage of the process is that of cicatrisation. 
This takes place by the resolution of the peripheral infil- 
tration, the approximation and union of the undermined 
edges with the floor of the ulcer, and the gradual forma- 
tion from the margin of an epithelial covering. The 
gland-structure is not regenerated. The resulting cica- 
trix is slightly depressed, and less vascular than the 
surrounding mucous’*membrane. ‘There is no puckering 

BB 2 
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372 INFLAMMATION OF MUCOUS MEMBRANES. 


or diminution in the calibre of the gut. In some cases, 
however, cicatrisation does not take place so readily, and 
the floor of the ulcer becomes the seat of a secondary 
ulceration. This usually takes place after the general 
disease has run its course, or during a relapse. Profuse 
hremorrhage and perforation more commonly result from 
the secondary ulteration than from the primary sloughing 
of the glands. 

The Mesenteric Glands.—The change in the mesen- 
teric glands is probably secondary to that in the intestine. 
These glands become the seat of an acute cellular infil- 
tration, and are enlarged, soft, qnd vascular. They usually, 
like many of the glands in the intestine and the spleen, 
undergo a gradual process of resolution. In rare cases, 
however, the capsule of the gland is destroyed, and the 
softened matters may escape into the peritoneal cavity and 
so cause peritonitis. The enlarged glands may also 
become caseous, and subsequently calcified. 

Bacilli of characteristic form have been found in the 
ulcers and mesenteric glands, and also in oe taken 
from the spleen during life. 


CHAPTER XXXVII. 
INFLAMMATION OF MUCOUS MEMBRANES. 


InFLAMMATIONS of mucous membranes are divided into 
catarrhal, croupous, and diphtheritic. 
CATARRHAL INFLAMMATION.—This may, ac- 
cording to its intensity, be serous, mucous, muco-puru- 
lent, or purulent. Acute cases begin with redness, slight 
swelling, and abnormal dryness of the mucous membrane, 
some tenderness of the part, and perhaps pain. After a 
time this is succeeded by exudation, and the symptoms 
are then as a rule relieved. In chronic cases, the symp- 
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toms and physical signs are much less marked, the exu- 
dation being generally the first thing noted. Post-mortem, 
all hyperssmia has generally disappeared, and the mem- 
brane may look paler than natural; but after chronic 
inflammation of any intensity, more or less dark-grey 
pigmentation, from the hemoglobin of cxtravasated red 
corpuscles, will, in most situations, bear evidence of former 
inflammation (p. 102).° These appearances can be studied 
nowhere better than in the inflamed bladders from cases 
of stricture, enlarged prostate, &c. 

Serous Catarrh.—-l'ree serous effusion occurs from the 
vessels and "escapes upon the surface; this is often seen 
in the early stage of colds in the head. 

Wilucous Catarrh is characterised mainly by increased 
production of mucus, which escapes mixed up with serous 
fluid, or remains adherent to the surface, as is often seen 
in chronic pharyngitis. Sometimes the sero-mucous 
discharge is tolerably cleat, at others more or less 
opaque; in the former case, only a moderate number 
of cell-forms are present—in the latter, many. Most of 
the cells are escaped leucocytes, but many are desqua- 
mated epithelial elements.. The increased ‘“‘ secretion” of 
mucus and the excessive desquamation of epithelium 
have been looked upon as disproving the view that depres- 
sion of function is an invariable result of inflammation. 
The formation of mucus, however, is much more a 
degeneration than a secretion, and such a process might. 
well be hastened by irritation. With regard to the epi- 
thelial cells—it would seem likely that, whilst the super- 
ficial layers are killed by the irritation and ¢ast off, the 
deeper ones are more resistant even than the elements of 
the superficial vessels. The action of an irritant which 
causes the latter to leak gravely, leaves the former able 
to multiply freely. Indeed, it is conceivable that what 
would be an irritant to one cell might be a stimulant to 
another more resistant organism, rendering it more 
capable of utilising increased supply of food. 

Purulent Catarrh.—Ii the inflammation be more 
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intense, the escape of leucocytes is still greater, and the 
secretion becomes purulent. As the exudation approaches 
more and more closely the character of true pus, the 
formation of mucus and the desquamation of epithelium 
cease — a& muco-purulent stage being often passed 
through. 

A section through a mucous membrane thus affected 
(Fig. 117) shows desquamation of the superficial epithelial 
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Catarrhal Inflammation of the Conjunctira, —1, Epithelium, 
b. Infiltrated sub-epithelial connective tissuc.—Showing 
the desquamation of the epithelium, and the young elements 
within the epithelial cells. (Rindfleisch.) ; 


cells, and these often contain broods of young cell-leuco- 
cytes which have migrated into them. Leucocytes lie. 
here and there between the deeper cells, in which evidence 
of multiphcation will be found. More or fewer white 
corpuscles infiltrate the mucosa, together with fluid exy- 
dation, producing swelling of it; or thickening and indu- 
ration, if they go on to form connective tissue. 
Simultaneously, all lymphoid structures in the mucous 
membrane are affected. The lymph-follicles swell, and 
their contents may soften and form minute abscesses, 
_which burst and leave the small ulcers (follicular), so often 
seen in catarrhal conditions of the intestines and pharynx. 
The ulceration in some cases extends beyond the confines 
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of the follicle. The proper glandular structures also may 
become involved. Their epithelium multiplies, the glands 
become choked with the epithelial elements, and they 
may subsequently atrophy. This is scen in catarrh of 
the stomach. 

The acute process may quickly subside, or it may 
become chronic. In the latter case the hyperawmia 
diminishes, but the escape of leucocytes and the multiph- 
*cation of the epithelial elements continue, and the sub- 
epithelial tissue becomes more extensively infiltrated 
with small cells. 

Chronic catarrhal inflammations of mucous membranes 
differ from the acute, inasmuch as the sub-epithelial con- 
nective tissue is often extensively infiltrated with small 
cells, which may ultimately form an imperfectly fibrillated 
structure. The membrane thus becomes indurated and 
thickened, and the pressure exercised by the new growth 
may induce atrophic changes in the glandular structures 
which it contains, as is seen in chronic catarrh of the 
stomach ; by preventing the exit of their secretion it may 
cause them also to dilate so as to form cysts. These 
changes in the sub-epithelial connective tissue are usually 
accompanied by enlargement of the lymphatic structures, 
an enlargement which sometimes gives to the membrane 
a nodular or granular appearance. ‘This is well seen in 
the pharynx (follicular pharyngitis). The enlarged 
lymphatic structures may ulcerate and constitute the 
starting-point of an infective process. (See “ Tuber- 
culosis of Mucous Membranes.’’) In some situations, as 
the stomach and intestine, the membrane often at the 
same time becomes deeply pigmented. 

CROUPOUS AND DIPHTHERITIC INFLAMMA- 
rrom.—These terms are applied to inflammations of 
mucous membranes and raw surfaces which lead to the 
production of a so-called false membrane—such as is 
seen, for example, in croup. The formation of this 
fibrinous layer upon the surface of the membrane is quite 
characteristic, and at once distinguishes this form of 
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inflammation from a simple catarrhal process. On 
mucous surfaces, the membrane may exist in little 
patches or cover a large area; itis usually of a yellowish 
or greyish-white colour, and in consistence varies from a 
firm and tough to a soft pultaceous material. It may be 
deeply blood-stained. It is with greater or less difficulty 
separable from the subjacent tissue, which in all cases 
after its removal is found to have lost its epithelium. 
Tn thickness it may vary considerably in different parts.® 
The two words—croupous and diphtheritic—ewe, their 
origin to the belief, still held by many, that there is an 
idiopathic membranous inflammation of the larynx 
(croup) distinct from diphtheria. Croup had long been 
known when Bretonneau, in 1826, first accurately 
described diplitheria, gave the disease its present name,: 
and asserted that “croup” was merely laryngeal diph- 
theria. The term is used with this meaning in France, 
and the majority of English physicians adopt Bretonneau’s 
view. The adjectives, croupous and diphtheritic, are 
often used as synonymous, but many propose to speak of 
@ membrane as croupous, when it involves no more 
than the epithelium of a mucous.membrane, as diph- 
theritic, when it involves the mucosa. These differences 
in the depth of the tissue involved are probably due to 
variations in the intensity of the process; and, according 
to Cohnheim, the process is more likely to be superficial 
in those situations where a distinct basement membrane 
exists—as in the pharynx and respiratory tract—than in 
those where this is not the case, as in the intestines and 
conjunctiva. A false membrane superficial to the base- 
ment membrane is much more easily detached than one 
which involves this structure. 

Others would limit the term ‘“ croupous” to false mem- 
branes formed chiefly of coagulated fibrin, whilst ‘“ diph- 
theritic” is applied to those consisting of tissues which 
have undergone coagulation-necrosis (p. 288). This 
division, which renders “ croupous” equivalent to “ fibri- 
nous,” seems to be the better, although the two processes 
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—coagulation of fibrin and of cells—are closely allied, and 
one may succeed the other in the same case. 

The relative rarity of fibrinous inflammations of mucous, 
as compared with serous, membranes led Weigert to inves- 
tigate the reason of the difference. He found that inflam- 
matory exudations from mucous membranes coagulated 
so s00n as the epithelium was destroyed, and he started 
the hypothesis that living epithelium, like endothelium, 
prevents the formation of fibrin. 

But the injury which causes destruction of epithelium 
must be more intense than one which does not cause such 
damage; and it is hkely that the exudation m the former 
cases will be more highly fibrinous than in the latter. 
Now, in a case of true diphtheria, a patch of epithelium 
and more or less of the subjacent tissue are killed by the 
irritant and undergo coagulation-necrosis; and, if the 
false membrane thus formed be removed, a fresh one will 
form rapidly, which, unless the destruction of tissue 
extends, can hardly consist of anything but coagulated 
fibrin. 

The two kinds of membrane differ microscopically. 
The fibrinous has the appearance of lymph—a network 
of fibrin containing in its meshes a greater or less number 
of leucocytes, desquamated epithelial cells, and débris ; 
it is easily stripped off. The diphtheritic membrane 1s 
separated less easily, and, if deep, only with great 
difficulty. Superficially it closely resembles the croupous 
membrane, but the deeper parts consist of much swollen, 
homogeneous cells, from which the nuclei have disap- 
peared. There is no sharp line in advancing cases between 
the coagulated and the living tissue-elements. These 
membranes resist acetic acid much longer than do the 
simple fibrinous bdnes. 

False membranes probably form occasionally upon 
every mucous membrane, and obviously from very different 
causes. Examples are:—the membranes which form on 
the tonsils, larynx, &c., in true diphtheria ; from scalds and 
the application of caustic chemicals; in the bladder after 
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parturition (when a complete cast may be expelled), and 

.In the most acute cystitis; in the vermiform appendix, 
sometimes from the irritation of a concretion ; in the Jower 
part of the large intestine in dysentery; and in the air- 
tubes in plastic bronchitis. It may be noted here that 
false membranes sometimes form upon granulating 
wounds (croup of granulations), and it is held by some 
that there is no line between such cases and those of true 
diphtheria of wounds and of hospital gangrene. It seems 
most probable, however, that there is an etiological 
difference, for croup of granulations may be induced at 
will by blistering the surface. 

Although the above facts show that false membranes 
may result from the action of simple irritants, the great 
majority met with in Man are due to infective poisons— 
eg., diphtheria, diphtheritic conjunctivitis, epidemic 
dysentery—all highly contagious. Micrococci, with other 
organisms, are found in clouds and zooglwa masses in 
almost all cases; but no etiological connection has been 
established between them and any of these diseases. 


DYSENTERY. 


The inflammatory processes occurring in the intestine 
in dysentery are for the most part limited to the large 
intestine, although the ileum is also occasionally in- 
volved. The inflammation is always most marked in the 
rectum and descending colon, and it may be stated 
generally that it is characterised by the ulceration and 
sloughing of the membrane to which it gives rise. 

The intestinal changes vary considergbly, according to 
the intensity of the inflammatory process. In the milder 
forms of the disease, the changes are most marked on the 
summits of the folds of the mucous membrane. These 
are found covered with a greyish-white layer of fibrinous- 
looking materjal, which, when scraped off, leaves a super- 
ficial loss of substance. The mucous membrane generally 
is hyperemic and softened. The submucoys tissue also 
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is infiltrated with inflammatory products, an@ the solitary 
glands are enlarged and prominertt. 

When the process is more severe, the submucous tissue 
becomes more extensively involved, and the superticial 
layer of fibrinous material extends over wider areas and 
implicates more deeply the mucous membrane. The 
thickening of the intestinal wall, however, is much 
greater in some parts than in others, so that projections 
are produced upon the inner surface of the intestine, 
corresponding with those parts which are the most 
affected. _ The enlarged solitary glands usually slough, 
and so give rise to circular ulcers, whith rapidly increase. 
When the process has reached this stage, the niuscular 
and serous coats are implicated, the latter being covered 
with layers of fibrin which form adhesions with adjacent 
parts. The intestine is much dilated, and contains blood 
and disintegrating inflammatory products. 

In the most intense forms of the disease the necrosis 
is more extensive. According to Rokitansky, large por- 
tions of the mucous membrane are converted into black 
rottén sloughs. The submucous tissue is infiltrated with 
dark blood and serum, but subsequently it becomes the 
seat of a reactive suppurative inflammation, by means 
of which the necrosed portions of tissue are removed. 

If death does not occur. and the inflammatory process 
subsides, the ulcers may gradually heal. When the loss 
of substance has not been considerable, the edges of the 
ulcers may, by the contraction of the submucous tissue, 
become completely approximated. More commonly, how- 
ever, the loss of substance is so great, that portions of 
the membrane are left, consisting simply of connective 
tissue. 

When the inflammatory process becomes chronic, the 
changes in the submucous connective tissue become more 
marked, and the new fibroid growth gives rise to con- 
siderable thickening and induration of the intestinal wall, 
and to more or less contraction and narrowing of the 
cavity. Sometimes it forms fibrous bands, which project 


380 INFLAMMATION OF SEROUS MEMBRANES. 


into the gut. The formation of abscesses and fistulous 
passages occasionally occurs’ in the thickened intestinal 
wall. 


CHAPTER XXXVIII. 
INFLAMMATION OF SEROUS MEMBRANES. 


INFLAMMATORY processes in serous membranes vary in 
their intensity, and in the amount and character of the 
effusion. 

The ptocess commences, as in mucous membranes, 
with hyperwmia, and exudation of fluid and of blood- 
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Inflamed Epipiloon of a Rabbit.—Showing changes in the 
endothelium, x 250, (Corniland Ranvier.)  °* 


corpuscles into the serous cavity quickly follow. (Fig. 
118.) 

Next to hyperemia, the first sign of inflammation is 
a loss of polish of the surface, owing partly to the injury 
done to the epithelium by the irritant, and to the passage 
out through the layer of cells of the exudation, partly to 
the presence of leucocytes and a little fibrin on the sur- 
face. The moistening of the surface with the albuminous 
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exudation renders it “greasy.” As the inflammation 
goes on, the surface becomes opaque, roughened, and ex- 
ceedingly vascular ; and soon it becemes covered with a& 
fibrinous layer, whilst more or less liquid transudes into 
its cavity. The coagulable material which exudes 
from the vessels forms a soft, elastic, membranous, or 
reticulated investment, inclosing in its meshes numerous 
small cells. This either glues the two surfaces of mem- 
brane together, collecting especially where pressure is least, 
V1Z., along the angles of contact of the intestines, where 
injection alsois most marked; or, if they are separited by 
liquid effusion, forms a slightly adherent layer. (Fig. 119.) 
The exuded liquid varies considerably in amount, and is 
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Inflammation of the Diaphragmatic Pleura. homing the 
adherent fibrinous layer. a@. Muscular coat of diaphragm. 
bD. Sub-serous tissue. c. Serous membrane, e. Fibrinous 
layer, x 400. (Rindfleisch.) 


always turbid, thus differing from non-inflammatory effu- 
sions, It contains flakes and masses of coagulated fibrin 
and innumerable cells, the latter being in the earliest 
stages of the process almost entirely emigrants. 

The nature of the subsequent changes will depend 
upon the intensity of the inflammation, and upon the 
‘amount of liquid exuded into the serous cavity. If the 
inflammatory process subsides, and the liquid exuded is 
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not sufficient to prevent the two surfaces of the mem- 
brane from coming into contact, they grow together and 
form an adhesion. This constitutes the so-called. adhe- 
sive infammation. The union is effected by the for- 
mation of connective tissue (p. 275). This is by far 
the most frequent form of inflammation of serous 
membranes. ‘The process is precisely similar to that 
which takes place in the union of an incised wound. 
‘It is probable also that in some cases union may take 
place without the intervention of any fibrinous layer, 
by the formation and growing together of irregular 
papillary outgrowths from the sub-endothelial tissue. 

If, however, the inflammatory process is severe, or the 
surfages of the membrane: are separated by a large 
quantity of liquid effusion, orgarisation and adhesion 
cannot be effected. If a large quantity of liquid exists in 
the scrous cavity, the removal of this-becomes necessary 
before union can take place. . If the intensity of the 
irritant is considerable, and its action prolonged, union is 
prevented by the formation of pus. These two conditions 
must be considered separately. 

The existence of a large amount of effusion prevents 
approximation, and therefore adhesion, of the serous sur- 
faces, and before this can be effected absorption of the 
liquid becomes necessary. The presence of the liquid 
itself,e however, interferes with its absorption. ‘This is 
owing, as already stated (pp. 286-7), to the pressure which 
it exercises upon the blood-vessels and lymphatics; which 
pressure, by hindering the circulation in these vessels, 
tends not only to prevent absorption, but also to interfere. 
with the restoration of the vascular walls to a normal 
state, and so to favour a continuance of the exudation. 
The removal of some of the liquid by artificial means con- 
sequently facilitates absorption of the remainder. When 
the process is protracted, the sub-endothelial connective 
tissue becomes involved and infiltrated with small cells, 
and a richly vascular granulation-tissue is formed beneath 
the layer of proliferating endothelium. The endothelium 
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itself becomes less abundant, and, if the inflammation 
subsides, the new granulation tissue gradually develops 
into connective tissue, and thus a false membrane is 
formed, rich in vessels, which takes the place of the - 
endothelial layer. As the liquid is absorbed, the two 
surfaces of the membrane come into contact and 
grow together, thet new vessels becoming gradually 
obliterated. 

If the inflammatory process does not subside, or is from 
its commencement of considerable intensity, it may be 
attended by the formation of large quantitics of pus. In 
this case the exudation of blood-corpuscles is so consider- 


_able that the young elements exist in large cnough 


*» 


numbers'to give to the exuded hquids a purulent 
character. The condition is then termedempyeema. As 
the connective tissue becomes involved, a granulation 
tissue is formed; and this may continue to generate pus 
like an ordinary granulating wound. If the pus be 
removed, the suppuration may gradually cease, the 
granulation tissue develop into a fibrous structure, and 
the union of the serous surfaces thus bo effected. The 
serous membrane hecomes greatly thickened, and the new 
tissue undergoes considerable contraction in the process of 
its organisation, producing more or less retraction of the 
chest-wall. 


CHAPTER XXXIX. 
INFLAMMATION OF THE LIVER. 


INFLAMMATORY processes in the liver comprise—peri- 
hepatitis, abscess, and cirrhosis. 


PERIWEPATITIS. 


Inflammation of the capsule of the liver leading to 
more or less thickening, and often to adhesions with 
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adjacent parts, is met with under various circumstances. 
Its most common causes are—the chronic peritonitis of 
Bright’s disease, chronic alcoholism, and syphilis (Good- 
hart). The changes are ‘usually slight and of but little 
pathological import. 

In some cases, however, especially in cases of chronic 
peritonitis (Hilton Fagge), the process 1s more extensive 
and leads to marked interference with the functions 
and circulation of the liver. The whole capsule becomes 
considerably thickened and gradually contracts, thus 
causing compression of the organ, which assumes a 
globular form. The portal circulation is often interfered 
with by the squeezing process, and ascites with other 
symptoms of portal obstruction may result. The liver | 
itself with the exception of some atrophy and fatty 
degeneration of its cells may show no changes; but some- 
times it is intersected by bands of fibrous tissue passing 
inwards from the capsule. The latter suggests syphilis 
as the cause (see p. 338), 


HEPATIC ABSCESS. 


Acute inflammation of the liver leads to the formation 
of abscess. ‘The abscess may be single or multiple. The 
latter are usualy small, but a solitary abscess may attain 
an enormous size. Multiple abscesses are most frequently 
due to pyzemia, or to some inflammatory lesion in connec- 
tion with the portal system—such as dysentery. In 
these cases the abscess is of embolic origin. Inflamma- 
tion of the bile-ducts, such as sometimes results from 
gall-stones, &c., and external violence, are other causes of 
suppurative hepatitis. 

The solitary or tropical abscess also is supposed by 
some to be secondary to some inflammation of the portal 
viscera. It is known to be often associated with dysentery. 
It is maintaimed by many that it is due to a primary 
hepatitis, and doubtless cases often occur in which no 
intestinal ulcer or other obvious canse is discoverable. 
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The pathology of this disease is, however, at present 
obscure. ; 


CIRRHOSIS OF THE LIVER. 


Chronic inflammation of the liver constitutes the 
condition known as Cirrhosis. This is characterised 
by a gradual increase in the connective tissue of the 
organ, and by the subsequent atrophy of the liver-cells, 
so that when examined with a low magnifyimg power 


Fig. 120, 





Cirrhosis of the Liver.—Showing the growth of con- 
nective tissue between the hepatic lobules. a. Lo- 
bules. U. New growth of interlubular connective 
tissue. x 16, 


the lobules are seen to be separated by new interstitial 
growth. (Fig. 120.) 

HISTOLOGY.—The process, like that of chronic in. 
flammation in other organs, consists essentially in a 
cellular infiltration of the interlobular connective tissue 
of the liver, and the development of a more or less highly 
organised fibroid structure; the number of cells being 
proportionate to the activity of the process. The new 
tissue is supplied with new blood-vessels, derived from 
branches of the hepatic artery. 

cc 
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In addition to this cellular infiltration of the inter- 
lobular connective tissue, a proliferation of the bile-ducts 
is supposed to occur frequently in cirrhosis. This is be- 
lieved by Charcot to take place in those cases only in 
which there exists some obstruction of the ducts—the 
so-called ‘‘ Biliary Cirrhosis.” (See “ Etiology.”) Other 
observers, however, state that new ducts are met with 
under such various circumstances that their existence 
is of no etiological value. Goodhart doubts the forma- 
tion of new ducts, but thinks the old ones simply 
become more conspicuous owing to the atrophy of the 
liver-cells.* 

The liver-cells are stated by many to undergo active 
changes, and to contribute to the formation of the new 
tissue. They are in many cases infiltrated with fat— fatty 
infiltration being associated with the cirrhosis. (See 
Fig. 122.) 

The general distribution of the new tissue is described 
by Charcot as—multilobular, unilobular, and inter- 
cellular. Inthe multilobular form, groups of lobules are 
surrounded; in the unilobular, each lobule; and in the 
intercellular, the growth invades the intercellular network. 
These several modes of distribution are frequently asso- 
ciated, all perhaps being found in different parts of the 
same organ; and although supposed by Charcot to 
indicate etiological varieties, the differences are probably 
to be ascribed rather to differences in the activity of the 
growth; the more active the process, the more uniform 
and general the distribution. 

The effect of the new growth is ultimately to cause 
atrophy of the hepatic cells, and to obstruct the circu- 
lation through the portal capillaries and the passage of 
bile through the bile-ducts. This effect is materially 
increased by the process of contraction, which the new 
tissue undergoes. The hepatic cells in the outer zone of 
the lobules are the first to atrophy. The cells become 


* The salient is ably discussed by Dr. Goodhart in his “ Résumé 
of Diseases of Liver,” New Sydenham Soc, Atlas of Path, Fas, iv. 
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smaller, often undergo fatty metamorphosis, and ulti- 
mately are completely destroyed. (lig. 121.) Those in 
the central parts of the lobule are in the earlier stages 
but little altered, although they are often stained with 
bile. As the growth extends, however, these also become 
annihilated, and the whole lobule may be replaced by 
connective tissue. The cells in the. outer part of the 
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Cirrhosis of the Liver.—A thin section from the external 
portion of one of the hepatic lobules.—Showing the new 
‘growth of counective tissue, and the way in which it in- 
volves the intercellular network and causes atrophy of the 
liver-cells. x 200, 


lobules are sometimes, as already stated, infiltrated with 
fat prior to their destruction. (See Fig. 122. 

Physical Characters.—The physical characters of the 
cirrhosed liver vary. In the earlier stages of the disease 
the organ is probably always more or less increased in 
size; the enlargement being almost uniform, and the 
edge rounded and thickened. This enlargement very 
often exists up to the end of the disease, but in many 
cases the atrophy of the liver-cells and the contraction 
of the new tissue lead to considerable diminution in size. 
The surface of the organ is usually more or less irregular. 
sometimes “ hobnailed ;” the extent of the irregularity 

Cc” 
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depending upon the distribution of the new tissue and 
the amount of atrophy that has taken place, A multi- 
lobular distribution leads to much greater unevenness of 
the surface than a unilobular one. The consistence of 
the organ is always’ more or less increased, although in 
some cases, where the process is very rapid, the increase 
is so slight as easily to escape observation. On section, 
the new tissue is often visible to the naked eye surrounding 


Fie. 122. 
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Liver.—Cirrhosis with fatty infiltration. x 100, reduced }. 


the lobules, and in many parts completely replacing them. 
This gives to the cut-surface a mottled granular appear- 
ance, the lobules themselves contrasting with the new 
interlobular tissue; and this appearance is sometimes 
increased by fatty infiltration of the cells in the peri- 
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pheral zone. The capsule also may be thickened, and 
the organ is frequently stained with bile. 

The great increase im the size of the liver which exists 
In some cases is due in part to a fatty infiltration of the 
liver-cells. (Fig. 122.) In those cases, also, in which the 
process is rapid, and the new growth consequently very 
general in its distribution—unilobular and often inter- 
cellular—the organ is usually large; death probably su- 
pervening before time has been allowed for much atrophy 
and contraction to take place. Some of the large livers 
are supposed to be due to obstruction of the bile-ducts, 
and have been termed ‘ bilary”’ or “ hypertrophic” 
cirrhosis. The existence of such a condition is disputed 
by some, especially by Goodhart. 

ETIOLOGY.—'[‘he great cause of cirrhosis is alcohol. 
With the exception of syphilis no other cause can be 
regarded as proven. The question of a biliary cirrhosis 
must at present remain an open one. Cirrhosis from 
syphilis has already been described (p. 339). In the 
congenital disease the process is often so general in its 
distribution as closely to resemble some cases of acute 
alcoholic cirrhosis. 

It is important to remember clinically that cirrhosis 
not only obstructs the portal circulation, thus giving 
rise to ascites, hamatemesis, diarrhoea, enlargement of 
the spleen, &c.; but that, owing to the destruction of 
the liver-cells, the glycogenic function of the organ is so 
much impaired that marked interference with general 
nutrition results. 


ACUTE YELLOW ATROPHY. 


This exceedingly rare disease of the liver is characterised 
by a rapid diminution in the size of the organ, accom- 
panied by destruction of the hepatic cells, The liver may, 
in the course of a few days, be reduced to less than half 
its natural bulk, being especially diminished in thickness. 
It is soft and flabby in consistence, bloodless, and of a 
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dull yellow or yellowish-red colour. The lobules are indis- 
tinguishable. When examined microscopically, the liver- 
cells are found to be completely destroyed. being replaced 
by granular débris, fat granules, and pigment. Tyrosin 
and leucin have been found in the disintegrated liver-tissue. 
The pathology of this disease is exceedingly obscure. By 
some it has been regarded as a passive degeneration, by 
others as an acute infective inflammation. Micrococci 
‘have been found in the organ in early stages of the 
disease by Dreschfeld and others. 


: CHAPTER XL. 
INFLAMMATION OF THE KIDNEY. 


INFLAMMATORY processes In the kidney present certain 
variations according to their intensity: They comprise 
suppurative, tubal, and interstitial nephritis. Of these, 
suppurative nephritis, as the name implies, is an intense 
inflammation leading to the formation of abscess; and it 
is really an acute interstitial inflammation, although the 
term “interstitial” nephritis is generally applied to 
chronic processes. It results usually from the trans- 
mission of infective materials from some primary lesion 
(py@mic), or is associated with some inflammatory con- 
dition of the lower urinary passages, ‘Tubal nephritis is 
also an inflammation of considerable mtensity, and in it 
the structural changes have their principal seat in the. 
urine-tubes. Interstitial nephritis is an inflammatory 
process which runs a more chronic course, and is of less 
intensity than either of the preceding; consequently in it 
the principal structural changes take place in the con- 
nective tissue around the blood-vessels—in the intertubular 
connective tissue (p. 278). It must, however, be distinctly 
borne in mind that these two varieties of histological 
changes—those in the tubes and those in the intertubular 
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connective tissue—are very constantly associated. Tubal 
and interstitial nephritis cannot therefore be separated 
from one another by any distinct line of demarcation. 
They might be more correctly designated acute and 
chronic nephritis. 


SUPPURATIVE NEPURITIS. 


Acute inflammatory processes in the kidney attended 
by the formation of pus, give rise to renal abscesses. 
Such processes, as already stated, often result obviously 
from the transmission by the blood-stream of infective 
particles from some primary focus, as in pysemia, or they 
arise by direct extension from the lower urinary passages. 
In the latter they constitute what is commonly known as 
the ‘‘ Surgical Kidney.” 

The abscesses met with in the kidney as the result of 
pyxmia are confined principally to the cortex, and re- 
semble pytemic abscesses in other organs. ‘hey are 
usually multiple, and are often surrounded by a thin zone 
of red hyperemic tissue, Their Size varies from a mere 
point up to that of a filbert. Their characters have been 
already deseribed in the chapter on Hmbolism (p. 249), 

SURGICAL KIDNEY.—This is the name commonly 
given to those inflammatory conditions of the kidney 
which result from obstructive and inflammatory discases of 
the lower urinary passages. They occur frequently in asso- 
ciation with renal and vesical calculus, obstructed ureter, 
urethral stricture, enlargement of the prostate, &c. 
These, and similar conditions, act upon the kidueys in 
three ways :—* 

1. By obstructing the outflow of urine from the 
pelvis. Regurgitation from the bladder probably never 
occurs; but as a result of obstruction from any cause 
more or less of the full force of secretion acts upon the 
ureter, the pelvis, and the pyramids, and extends along 


* The views here expressed are in accordance with the teaching 
of Marcus Beck. “ Nephritis and Pyelitis consecutive to Affections 
of the Lower Urinary Tract,” Jteynolds’ System of Medicine, vol. v. 
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the tubules to their closed ends. This chronic tension 
1s @ common cause of chronic inflammation. In cases of 
obstruction to the outflow from one kidney, the changes 
are limfted to it. 

2. By producing circulatory changes in the kidney 
refiexly. <A close relation seems to exist between the 
deeper portions of the urethra, the prostate and the 
trigone, the parts upon which operations are performed, 
and the kidneys. An intense hyperamia due to irritation 
of the nerves of these parts might in extensively diseased 
organs lead to arrest of the circulation and death from 
suppression of urine. 

3. By extension of decomposition from the bladder 
to the kidneys, and irritation of the latter hy septic pro- 
ducts. As regurgitation does not occur, decomposition 
often remains long limited to the bladder. Extension 
perhaps takes place along ropy mucus lying as a cord 
in the opening of the urcter when this has become 
inflamed from other causes. 

The changes in the "kidney vary from the most chronic 
productive mflammation, to an acute suppurative process. 

Simple long-continued increase of urinary pressure 
resulting from somo obstruction to the flow of urine gives 
rise to chronic renal changes, which are characterised 
mainly by more or less cellular infiltration of the inter- 
tubular connective tissue, (“ Interstitial Nephritis.”) 
This cellular infiltration, which is exccedingly irregular 
in its distribution, occurs both in the pyramids and 
cortex. The tubules are in some parts found blocked 
with epithelium, whilst in others they are wasted or obli- 
terated. The walls of the small arteries are not thickened. 
Owing to these changes, the kidneys are somewhat en- 
larged, the capsule is slightly adherent, the cut-surface 
paler than natural, and the consistence of the organs 
abnormally tough. As the process proceeds the pyramidal 
portions gradually become absorbed, the absorption com- 
mencing at the papille and extending until ultimately 
not only the pyramids but also the thickened cortex may 
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disappear, and the kidney be converted into a large cyst. 
If, on the other hand, the urinary obstruction be removed, 
the processes of inflammation and absorption may cease, 
and the indurated kidney will then become contracted. 
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Surgical Kidney. —At the lower part of the figure is seen 
the cellular infiltration of the Intertubular tissue, aud the 
blocking of the tabes with epithelium and leucocytes, At 
the upper part, there is the commeneing ormatiou of an 
abscess. x LUO. 


In other cases, when the urinary obstruction 18 asso- 
ciated with inflammation of the lower uriniry passages, 
the process 18 much more acute, the cellular infiltration 
of the intertubular tissue 1s much more abundant, and 
leucocytes accumulate in certain situations in such 
numbers as to give rise to abscesses. (lig. 123.) The 
cortex of a kidncy in such a case is thickened, soft, and 
pale as compared with the,deep red pyramids; its con- 
sistence, however, will vary with the presence or absence 
of chronic interstitial 'changes. The capsule strips easily, 
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often tearing the substance a little, and exposing on the 


surface groups of yellow spots usually not 


Fic. 124. 
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Surgical Kidney.—Showing clouds 
of micrococci ascending along the 
tubules. Almost all nuclei have 
gone from their vicinity. They 
seem to have caused necrosis or de- 
generation of the tissues. x about 


B0- 


larger 
than a lentil, and each 
surrounded by a red 
zone. Many of these 
contain a drop of pus. 
On section yellow 
streaks are often seen 
extending from the 
superficial lesions into 
the cortex; others exist 
in the pyramids. The 
pelvis is generally in- 
tensely inflamed. 

Klebs described many 
of the tubules, even the 
convoluted, as  cram- 
med with micrococci. 
These seem to ascend 
from the pelvis along 
the tubules, distending 
them greatly and setting 
up irritative and de- 
generative processes 
along their line of pas- 
sage. When stained 
with an aniline dye, the 
appearance shown in 
Fig. 124,from a specimen 
of Mr. Boyd’s, is seen. It 
is extremely probable 
that these organisms are 
the cause of the suppura- 
tion. Though very often 
the urine in the pelvis 
of such kidneys is septic, 
it is not necessarily so. 


TUBAL NEPHRITIS, 395 


TUBAL NEPHRITIS., 


Tubal, parenchymatous, or acute nephritis, is that sub- 
acute inflammation of the kidney which constitutes the 
more acute forms of Bright’s disease—those which are 
characterised by a more or less marked beginning, scanty 
and highly albuminous urine, and dropsy. In its more 
advanced stages it is the large kidney of chronic Bright’s 
disease. 

The changes which take place in the kidney have their 
seat mainly in the cortex. They comprise increased 
vascularity and exudation into the urine tubes, with 
swelling, and, later, probably proliferation of the tubular 
epithelium. The prominence of the vascular phenomena, 
however, varies very considerably in different cases. 

In the most acute causes of Bright’s disease—those 


Fic. 125. 
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Tubal Ne Cite —Tho earlier stage of the process, 
Showing the swelling of the tubular epithelinm, and some 
exudation products in the urime tubes, In some of the 
tubes the epithelium has fallen out durin g the preparation 
of the section. x 200. 
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which are induced suddenly as from exposure to cold, the 
vascular changes are marked. In these cases the con- 
traction of the cutaneous vessels and the check to the 
function of the skin caused by the chilling of the sur- 
face, lead to considerable hyper- 
somia of the organs. There is 
abundant exudation into the 
urine-tubes, many of the capil- 
laries at the same time frequently 
rupture, and thus there is an 
escape of blood-corpuscles and of 
liquor sanguinis imto the tubes 
of the cortex; hence the blood 
and “blood-casts” in the urine 
which are so characteristic of the 
early stages of these most acute 
forms of the disease. In this 





Tubal Nephritis — a 
Single Urine Tube.—S}. : 
ing the accumulation stage the process may quickly 


within the tube, In the subside, and, with the exception 
few epithelial cells which 


have escaped. is secon the of some swelling and desquama- 

granular condition of the tion of the tubular epithelium, no 

PROTO MARES Aa further alterations take place in 
the kidney. 

In the less acute cases, those known as chronic Bright’s 
discase with large kidney, the vascular phenomena are 
less marked, and changes in the tubular epithelium are 
more prominent. The epithelial elements become swollen 
and granular. (Fig. 125.) The granules, which are often 
so numerous as to occlude the nucleus of the cell, are 
soluble in acetic acid, and thus differ from molecular fat, 
This is the condition known as ‘“‘cloudy swelling.” Many 
small cells also are seen within the tubes, and these have 
been supposed to be the products of epithelial prolifera- 
tion. Itis probable that some of them are thus produced, 
although the majority must be regarded as having escaped 
from the vessels. Owing to these changes the tubes 
become distended with cellular elements. (Fig. 126.) 

In addition to the ceil-forms, many'‘of the tubes also 
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contain hyaline cylinders, which are commonly regarded 
as consisting of coagulated substances which have escaped 
from the vessels. By many pathologists, however, this 
hyaline material is supposed to be the product of a mucoid, 
or some allied, metamorphosis of the epithelium. The 
cell-forms contained within the tubes adhere to this hyaline 
substance, and some of them are washed away and appear 
in the urine as “epithelial casts.” A varying number of 
emigrant leucocytes also are usually found around the 
Malpighian tufts. 

The alterations which these changes produce in the 
physical characters of the kidneys vary according to the 
extent of the hyperwmia. The organs are always con- 
siderably increased in size, and more or less abnormally 
vascular. The capsule separates readily, exposing a per- 
fectly smooth but vascular surface. The consistence ig 
diminished, the tissue breaking with a soft, friable frac- 
ture. On section, the increase in the size of the organ 
is seen to be principally due to the increased thickness of 
the cortex. This is either of a reddish-brown, or of an 
opaque-white or pale. buff colour; these differences de- 
pending upon the relative proportion of blood and of 
accumulated intratubular clements. Although in the 
earliest stage of the most acute forms of the disease the 
colour is redder than natural, it usually soon becomes pale 
and opaque. This is owing to the swelling of the epithelial 
elements and to the accumulation in the cortical tubes. 
The blood becomes expressed from the intertubular 
vessels, and hence the increased vascularity is most 
evident in the Malpighian corpuscles, beneath the cap- 
sule, and in the pyramidal portions of the organ. The 
Malpighian corpuscles stand out as prominent red points, 
and the pyramidal cones are of a deep red colour, thus 
contrasting strongly with the pale opaque cortex. 

The termination of the process varies. The increased 
vascularity and epithelial change may, as already stated, 
subside, and the inflammatory products passing away in 
the urine, the organ gradually returns to its normal con- 
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dition. In other cases the disease continues; and although 
the vascularity diminishes, the vitality of the epithelial 
elements become so much impaired that they undergo 
retrogressive changes. The cells then continue to come 
away with the urine, adherent to the casts, but instead 
of presenting the swelled granular appearance as in the 
earlier stage of the disease, they contain molecular fat. 
This fat gradually increases in amount as the degenera- 
tion proceeds, until ultimately the cells are destroyed, 
and it appears as free molecules and granules on the 
tube-casts. 

- This fatty degeneration of the epithelium is attended 
by corresponding changes in the appearance of the organ. 
'’he redness diminishes, and the Malpighian corpuscles 
are less prominent, The enlarged cortex presents a 
yellowish-white tinge, studded with minute yellowish 
streaks. This is owing to the presence of fat in the 
tubes of the cortex. This fatty stage, if only slightly 
advanced, may undoubtedly pass off. The degenerated 
cells are carried away by the urine, from those which 
remain in the tubes the fat is probably partially absorbed, 
the retrograde process gradually ceases, and the organ 
returns to nearly its normal size and condition. In 
other cases the degeneration continues, and, owing to 
the loss of epithelium, the kidney becomes somewhat 
diminished in size. This atrophy, however, I believe 
never occurs without changes in the intertubular con- 
nective tissue. 

When the inflammatory process is of longer duration, 
or when the kidneys are the seats of repeated attacks 
of sub-acute inflammation, the intertubular connective 
tissue invariably becomes involved. This tissue becomes 
infiltrated with small cells which ultimately tend to form 
a fibrillated structure. (Fig. 127.) The new intertubular 
growth may gradually increase, and so lead to more or less 
irregular atrophy of the organ, such as will be described 
as occurring in interstitial nephritis. (See “Interstitial 
Nephritis.”) In other cases death ensues before any 
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“marked atrophy has taken place, and thus the organ may 
remain smooth and large to the termination of the disease. 
The intertubular growth is sometimes found thickly 
studded with fatty granules. 


Fie, 127. 





See 
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Tubal Nephritis—Duration of disease, six months. 
Kidneys large; capsules, non-adherent; surface, smooth ; 
tissue, soft,—Showing, im addition to the intratubular 
change, the cellular infiltration of the intertubular con- 
nective tissue. x 200, 


SCARLATINAL NEPHRITIS.— The changes which 
take place in the kidney in scarlatina were formerly re- 
garded as precisely similar to those which have been just 
described as tubal nephritis. Recent investigations, how- 
ever, show that this yiew requires considerable modifi- 
cation. It has long been known that in scarlatina cases 
sometimes occur in which the kidney change differs from 
the type of. ordinary acute nephritis; and such cases have 
been described hy Prof. Kiebs as glomerulo-nephritis. 
It is mainly, however, owing to the more recent re- 
searches of Dr. Klein that any exact knowledge of the 
scarlatinal kidney exists.* The changes as described by 
Dr. Klein may be thus briefly summarised :— 





* “Tho Anatomical Changes of the Kidney and other Organs in 


Scarlatina of Man,” by Dr. Nlein: Trans. Path. Soc. Lond., 1877, 
vol, xxviii. 
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The earliest changes—those occurring during the first 
week of the disease—comprise :— 

1. Increase of the nuclei covering the glomeruli of the 
Malpighian corpuscles. 

2. Hyaline degeneration of the elastic intima of minute 
arteries, especially of the afferent arterioles of the Mal- 
pighian corpuscles. This change produces a swelling of 
the intima, so as 1n some places to cause a distinct nar- 
rowing of the lumen of the vessel. The capillaries of the 
Malpighian corpuscles are in parts altered in the same 
way, in consequence of which many of them become im- 
permeable. 

These marked and early changes in the Malpighian 
corpuscles are important, as helping to explain those 
cases occasionally met with, in which death occurs from 
anuria and ursmia, and no catarrhal or other conspicuous 
alterations are found in the kidneys. 

3. Multiplication of the nuclei of the muscular coat of 
the minute arteries, and a corresponding increase in the 
thickness of the walls of these vessels. 

4. Cloudy swelling of the epithelium in the convoluted 
tubes, with multipheation of the epithelial nuclei. Gra- 
nular mattcr and even blood muy also be found in the 
tubes and in the cavity of Bowman’s capsules. These 
parenchymatous changes are in the early stages of the 
disease but little marked. 

The later changes—those occurring after the first week 
—consist in :— 

5. A cellular infiltration of the intertubular connective 
tissue of the cortex (interstitial nephritis), together with 
an increase in the epithelial changes, and a crowding of 
‘the tubes with small round cells (leucocytes). The cel- 
lular infiltration commences around the larger vascular 
trunks, whence it spreads rapidly into-the bases of the 
pyramids, and especially into the cortex. As it increases, 
the epithelium undergoes fatty degeneration, and the 
urine-tubes gradually become obliterated. 
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INTERSTITIAL NEPHRITIS. 


Interstitial or chronic nephritis is characterised by a 
gradual increase of the connective tissue of the kidney 
and by atrophy of the tubular structures. This, as has 
been seen, occurs in the more advanced stages of tubal 
nephritis (see Fig. 127); an scarlatinal nephritis ; and also 
as a result of obstruction in the lower urinary passages. 
But it is most frequent, and constitutes the most promi- 
nent structural change in that most chronic variety of 
Bright’s disease which is known as chronic Bright’s 
disease with contracted kidney, aud which 1s characterised 
clinically by insidious onset, increased secretion of urime 


Fra. 128. 





Interstitial Nephritis——The earlier stage of the process, 
Showing the cellular infiltration of the intertubular con- 
nective tissue. The cpithelinin has fallen out of some of 
the tubes during the preparation of the section. x 200, 


with the absence both of marked albuminuria and of 
dropsy. It must, however, be distinctly understood that 
no line of demarcation is to be drawn histologically be- 
tween inter- and intra-tubular changes; or clinically 


DD 
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between the two varieties of Bright’s disease. Inter- 
tubular changes are most marked as the result of long- 
continned irritation, and they therefore constitute the 
prominent histological feature in the most chronic forms 
of this disease. 

In these most chronic cases the changes in the kidneys 
being so exceedingly gradual in their onset, are not pre- 
ceded by any marked vascular phenomena or by any 


Fie, 129. 





Interstitial Nephritis—An advanced stage of the process. 
Showing the tntertubular tissue with the granular and fatty 
débris which result from the degeneration. x 100, 


alterations in the tubular epithelium. ‘The first change 
appears to consist in some cellular infiltration of the inter- 
tubular connective tissue (ig. 128); but usually owing to 
the chronicity of the process the cells are not numerous. 
The cortical portion of the kidney is principally involved, 
and although here the change is more or less general, 
the new growth is more abundant in some parts than in 
others, being usually most so around the Malpighian 
bodies and in the neighbourhood of the capsule, with 
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which it is closely united. In this stage the tubes and 
their epithelium are often unaffected. 

In the early stage, the kidney may be of natural size, 
the capsule usually separates less readily than in health, 
and the surface of the organ is slightly granular. On 
section, the cortical substance is in some cases paler, in 
others redder, than natural. The cut-surface also looks 
obscurely granular; and the consistence of the kidney is 


Fra. 130, 





Showing the large amount of tissue between the tubes of the 
cortex, and the extensive atrophy of the tubes. The degene- 
rated epithehum which was contained in some of the tubes has 
fallen out in the preparation of the section. x 60, 


usually slightly dense and tough. As the process pro- 
ceeds the tubular structures gradually atrophy. This is 
probably mainly owing to the pressure exercised by the 
intertubular growth, and to the cicatricial contraction 
which it undergoes. The atrophy consequently is not 
uniform, but is more marked in some parts than in others. 
The tubes are now found in many parts diminished in size, 
or completely obliterated; whilst in others they are 
irregularly dilated, and filled with degenerated epithelial 
DD2 
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products. Their walls are usually thickened. As the 
atrophy proceeds the intertubular tissue thus becomes 
mingled with the granular and fatty débris which results 
from the retrograde process. (Fig. 129.) The Malpighian 
bodies become approximated, and the secreting structure 
throughout large tracts of the kidney is destroyed. (Fig. 
130.) he irregular pressure exercised by the new growth 
gives rise also to the formation of cysts. These originate 
partly inthe Malpighian capsules. and partly in the urine- 
tubes—the latter becoming irregularly dilated. 
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Arteries from contracted Kidney of advanced Chronic Bright's 
Nisease.—a, Longitudinal section, showing the great thicken- 
ing of the circular muscular coat, also of the outer fibrous coat, 
aud the internal connective-tissue layer, 6. Transverse sec- 
tion of another vessel less diseased, Here is seen the thicken- 
ing of the circular muscular and external fibrous coat. x 200. 


The small arteries of the kidney also undergo im- 
portant alterations. These were first described by Dr. 
Johnson, Dr. Johnson states that the walls of these 
vessels are thickened, owing to hypertrophy of their 
circular muscular fibres; this change is well represented 
in the accompanying drawing. (Fig. 131.) The external 
fibrous coat of the vessel is also thickened, and it appears 
to be continuous with the new intertubular tissue. This 
thickening of the external coat has been especially in- 
sisted upon by Sir W. Gull and Dr. Sutton. I have 
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usually found it associated with the muscular hypertrophy, 
which is undoubtedly the most prominent structural 
change. Similar changes occur in the vessels of other 
parts. 

In this more advanced stage of the disease the kidney 
is diminished in size. Its surface is more granular, the 
capsule more thickened and adherent, and it cannot be 
removed without tearing the kidney substance. The 
superficial vessels are seen unduly marked in the depres- 
sions between the granulations. ‘The cortex is tough and 
fibrous, of a reddish, yellowish-grey, or buff colour, 
mottled with yellow streaks and patches; and usually 
numerous smull cysts are distributed throughout it. 
Calcareous deposits also are sometimes seen as white 
streaks between the tubes of the pyramids. 


CHAPTER XLIL 
INFLAMMATION OF THE LUNGS. 


In the lungs, inflammatory processes comprise the three 
following principal varieties :—Croupous, broncho- or 
catarrhal, and chronic or interstitial pneumonia. Of 
these, the former occurs as an independent affection, 
whereas the two latter are usually the result of some 
antecedent bronchial or pulmonary inflammation. 


CROUPOUS PNEUMONIA. 


Croupous, exudative, or lobar pncumonia is that 
form of pulmonary inflammation which is met with in 
the disease known as Acute Pneumonia. This is now 
known to be a generad disease of which the pneumonic 
consolidation is the prominent local lesion; and its 
clinical history suggests the probability of a specific 
organism as its cause. (See chapter on “ Organisms.”’) 
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The local process is characterised by intense inflam- 
matory hyperzmia of the lung, and by the exudation of 
a large amount of coagulable material into the pulmonary 
tissue. Itis termed “ croupous ” by the Germans, from 
the supposed resemblance of the histological process to 
that of croup. The term “lobar” is applied to it because 
it almost invariably affects an extensive portion of the 
lung. The process is commonly described as consisting 
of three stages—lst, that of engorgement; 2nd, that of 
red hepatization; and Jrd, that of grey hepatization. 

In the first stage, that of engorgement, the lung 
becomes exceedingly vascular, the changes in the blood- 
vessels and circulation being such as have been already 
described as characteristic of inflammation. ‘The organ 
is of a dark-red colour, its specific gravity and absolute 
weight are increased, its elasticity 1s diminished, it 1s less 
crepitant and more friable than natural, and pits upon 
pressure. Its cut-surface yields a reddish, frothy, tena- 
elous liquid. 

In the second stage, that of red hepatization, there 
is an exudation of liquor sanguinis and migration of 
blood-corpuscles into the pulmonarytissue. Some of the 
vessels may also rupture, aud thus small extravasations 
occur. The exuded lhquids coagulate within the air- 
vesicles and terminal bronchioles, the coayulum enclosing 
numerous white and some red blood-corpuscles. (Fig. 
132.) Itis stated by some German pathologists that the 
coagulum is in part produced by certain changes in the 
epithelium like those believed to occur in croup. (See 
‘¢ Croupous Inflammation of Mucous Membranes.”) The 
lung is now much heavier than in the preceding stage, 
and is increased in size, so as to be often marked by the 
ribs. It is quite solid, sinks in water, and cannot be 
artificially inflated. It does not crepitate under the 
fingers, and is remarkably friable, breaking down readily 
with a soft granular fracture. The cut-surface has a 
markedly granular appearance, seen especially when the 
tissue is torn. This is owing to the plugs of coagulated 
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exudation-maiter which fill the alveoli. The colour is of 
a dark reddish-brown, often here and there passing into 
grey. This admixture with grey sometimes gives a 
marbled appearance. Throughout this stage there 


Fic, 132. 





Croupous Pneumonia—Red Hepatization.—Showing the 
fibrinous coagulum in one of the pulmonary alveoli, en- 
closing within its meshes numerous leucocytes, which are 
already commencing to undergo fatty metamorphosis, A 
few leucocytes also are seen on the alveolar walls, and the 
alveolar epithelium is swollen and granular. x 200. 
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appears to be but little alteration either in the alveolar 
walls or in the alveolar epithelium. On the former are 
often seen a few leucocytes, and the latter is usually 
swollen and granular. (Fig. 132.) The pleura covering 
the solid lung always participates more or less in the 
inflammatory process. It is opaque, hyperamic, and 
coated with lymph. 


Fic, 133. 
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Croupous Pneumonia—Grey Hepatization.—Showing the 
large accumulation of cellular elements within one of the 
pulmonary alveoli, which in sume parts have undergone 
such extensive fatty degeneration that their ‘distinctive 
outlines are no longer visible. x 200. 


The third stage, that of grey hepatization, is charac- 
terised by a continuance in the emigration of leucocytes, 
and by more marked changes in the epithelium. The 
white blood-corpuscles continue to escape from the 
vessels, their number within the alveoli gradually in- 


sh 
NG 





CROUPOUS PNEUMONIA. 4.09 


creasing. The epithelial cells lining the alveolar walls 
become more swollen and granular. The pulmonary 
alveoli thus become completely filled with cells, so that 
the fibrinous exudation is no longer visible as an inde- 
pendent material, as it is in the stage of red hepatization. 
(See Fig. 132.) The fibrinous material now disintegrates, 
and the cells rapidly undergo retrogressive futty changes, 
so that, as usually seen, the alveoli are filled with gra- 
nular elements, which in many parts have lost their 
distinctive outlines. (Fig. 133.) The alveolar walls 
themselves, with few exceptions, remain throughout the 
process unaltered, although occasionally when this stage 
1S unusually advanced they may be found, here and 
there, partially destroyed. The weight, density, and 
friability of the lung now become even greater than in 
the stage of red hepatization, although the granular 
aspect of the cut-surface is much less marked. The 
tissue is now quite soft aud pulpy, and a puriform hquid 
exudes from its cut surface. ‘I'he most prominent feature, 
however, is the alteration which takes place in the colour 
of thé organ. This gradually changes from a dark reddish- 
brown to a grey or yellowish-white. This is owing partly 
to the pressure exercised upon the bloed-vessely by the 
exuded substances and newly-formed cells, and partly to 
the fatty degeneration which the latter have undergone. 
The stage of grey hepatization, when far advanced, has 
been termed “ suppuration of the lung.” 

Athough these three stages of the pneumonic process 
have been described as succeeding one another in orderly 
succession, it ust be remembered that each stage does 
not occur simultaneously throughout the whole of the 
affected area of the lung. The changes advance irregu- 
larly, so that whilst one portion of the lung is in the 
stage of red hepatization, another may be in the grey 
stage—hence the mottled marbled appearance of the con- 
solidation, The rapidity also with which the several 
‘stages succeed one another is subject to marked variations. 
In some cases the pneumonic consolidation very rapidly 
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becomes grey, whilst in others the time occupied in the 
transition is much longer. 

The pneumonic process may terminate in the four 
following ways :— 
_ Ist. In Resolution.—The gradual return of the lung 
to its normal condition 1s the natural and much the most 
frequent termination of croupous pneumonia. This is 
effected by the fatty and mucoid degeneration of the 
inflammatory products which have accumulated within 
the alveoli, which thus become so altered that they can 
be removed by absorption ; together with the return of 
the blood-vessels to a normal condition and the estab- 
lishment of the circulation. Granular pigment, derived 
from the escaped red corpuscles, is often mixed with the 
softened matters, and appears in the expectoration. 
Where this process of resolution is taking place in the 
lung, the granular appearance of its cut-surface is com- 
pletely lost; it is of a yellowish-grey colour, and a 
tenacious puriform liquid can be expressed from its 
substance. 

2nd. In Abscess.— The formation of abscess is a rare 
result of pneumonia. Such a result appears to be 
favoured by a bad constitution, and by any circum- 
stances which tend to impair the general health, espe- 
cially the abuse of alcohol. The abscess is more common 
in the upper than in the lower lobes. Circumscribed 
gangrene Of the lung also may occasionally terminate in 
abscess. ‘This takes place by the expulsion of the necrosed 
tissue through the bronchi, and the formation of a layer 
of granulation tissue upon the walls of the cavity, which 
generates pus. The cavity may ultimately close by gra- 
nulation and cicatrisation. These abscesses of primary 
origin are usually single, and thus differ from those due 
to pysemia. 

ord. Xn Gangrene.—This, which is also rare, is most 
common in chronic drunkards and in those of debilitated 
constitution. Two conditions appear to be principally 
concerned in bringing about this result :—one is the in- 
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terference with the supply of blood by the extensive for- 
mation of coagula in the pulmonary and bronchial vessels, 
together with considerable hemorrhage into the pul- 
monary tissue; the other is the injurious influence of 
septic inflammatory products. ‘The gangrene is usually 
limited to a small area of the pneumonic lung, and is 
either diffuse or circumscribed. 

4th. In Chronic Pneumonia.——If the inflammatory 
process does not subside, and the exuded substances are 
not absorbed, the alveolar walls gradually become involved. 
These become thiekened by a new growth of fibro- 
nucleated tissue, and thus is produced more or less 
fibroid induration of the organ. (See “ Interstitial Pneu- 
monia.”’) This termination of croupous pneumonia is 
compuratively rare. 


BRONCHO- OR CATABRITAL PNEUMONIA. 


Broncho-, catarrhal, or lobular puenmonia is inflam- 
mation of the luug-tissue associated with, and usually 
secondary to, inflammation of the bronchial mucous 
membrane. In the earlier stage, the pulmonary inflam- 
mation 1s connnonly limited to scattered groups of air- 
vesicles, hence the term lobular which is applied to it. 
As the process advances, the inflammatory nodules may 
gradually coalesce, so as to produce larger tracts of con- 
solidation. ‘The inflammatory products which fill the 
alveoli consist largely of cells derived from the epithe- 
hum of the alveoli and from the bronchial mucous mem- 
brane; exudation and emigration play a much less pro- 
minent part in the process than they do im croupous 
pneumonia. Owing to this preponderance of epithehal 
products, and to the association of the pulmonary with 
the bronchial inflammation, the process has been termed 
catarrhal pneumonia. 

PATHOLOGY.—''he pneumonic process, as already 
stated, is invariably associated with bronchial catarrh. In 
some cases, it would appear that the injury which produces 
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the bronchial inflammation produces at the same time 
inflammation of the air-vesicles, but much more fre- 
quently the bronchitis precedes the pneumonia, and 
gives rise to it in a manner to be hereafter described. 
Whatever causes inflammation of the bronchial mucous 
membrane may thus be a cause of broncho-pneumonia. 
Simple bronchitis, especially in childhood and old age, 
and also the specitie bronchitis associated with measles 
and whooping-cough, are the most frequent precursors of 
the disease. All conditions which tend to impair the 
general health favour the occurrence of the pneumonia. 
They do so by rendering the bronchial mucous membrane 
abnormally lable to become inflamed, and also by dimi- 
nishing the power of the respiratory muscles, and thus 
aiding in the production of pulmonary collapse. 

Inflammation of the bronchial mucous membrane may 
give rise to broncho-pneumonia in two ways :—lst, by 
causing in the first place collapse of the lung-tissue; and 
2nd, by the direct extension of the inflammation from 
the bronchi to the air-vesicles. Of these the former is 
much the most frequent. ‘The pneumonic process being 
the result of the bronchitis, almost invariably involves 
both lungs. 

l. Broncho-pneumonia consecutive to Collapse.— 
Collapse of the lung-tissue greatly favours the occurrence 
of broncho-pneuimouia, and usually the pneumonic pro- 
cess is confined principally to those portions of the 
lung in which collapse has taken place. ‘There are two 
circumstances chiefly concerned in the production of 
the collapse which is consecutive to bronchitis—the 
narrowing or occlusion of the bronchial tubes by the 
inflammatory swelling of the mucous membrane and the 
catarrhal secretion, and the weakness of the inspiratory 
power. The collapse thus induced is especially frequent 
in the posterior and inferior portions of the lungs—those 
portions in which, when contined to bed, the inflation of 
the lung is often least complete. Commencing here, the 
process may gradually extend upwards till large areas of 
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the lungs become involved. In other cases, owing to a 
more irregular distribution of the bronchial obstruction, 
the collapse is limited to small isolated portions of the 
lung. These portions vary in size from a hemp-sced to a 
walnut. They are commonly more or less wedge-shaped, 
with their apices toward the bronchus with which they 
communicate, and the lung-tissue around them usually 
presents various decrees of congestion and emphysema. 
The tendency of the pneumonic process to oceur in 
the collapsed portions of the lung is dae partly to the 
hyperxmia which is induced by the collapse, and partly 
to the irritation of inhaled bronchial secretion. Collapse 
of the lung-tissue invariably induces more or less con- 
gestion. ‘lhis is wing to the absence of the expansion 
and contraction of the air-vesicles which normally aid the 
pulmonary circulation, and also to the impediment to the 
blood-flow resulting from imperfect aération. This con- 
gestion is quickly followed by oedema, and the. bluish- 
purple, collapsed portions of the lung become darker in 
colour, less resistant, and more friable in consistence. 
In lung-tissue thus altered, more or less escape of liquor 
sanguinis and corpuscles, with swelling and desquamation 
of the alveolar epithelium, is prone to supervene. 
Another circumstance which often appears to play a 
prominent part in the causation of the preumonic process 
is the presence withia the alveoli of the inflammatory 
products of the bronchial mucous membrane. ‘These pro- 
ducts are frequently found in scattered groups of air- 
vesicles, and they are evidently inhaled. (See Fig. 134.) 
.They are found both in the air-contamimg and in the 
collapsed portions of the lung, but especially in the latter, 
the presence of collapse necessarily interfering with their 
removal by expectoration or absorption. These inhaled 
products are often found fillg small groups of alveoli 
without any evidence of subsequent inflammation, and 
there can be no doubt that many of the patches cof con- 
solidation which are usually described as pneumonic are 
really non-inflammatory in their nuture, and are thus 
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produced. At the same time, owing to the irritation of 
the inhaled secretion, it tends to induce inflammatory 
changes within the alveoli, and these changes are fre- 
quently largely owing to its presence. 

2. Broncho-pneumonia independent of Collapse. 
Although the pneumonic process is usually consecutive to 
collapse, it may oceur independently. This may be 
owing either to the direct extension of the inflammation 
from the bronchi to the air-vesicles, or to the influence 
of inhaled inflammatory products. In other cases, it is 
possible that the injury which causes the bronchitis causes 
at the same time inflammation of the pulmonary alveoll. 

HISTOLOGY, &c.—The appearances presented by the 
Jungs after death vary. The bronchi are always more or 
less inflamed, and contaim thick mucus. The lung-tissue 
exhibits, associated in various degrees, collapse, conges- 
tion, @wdema, emphysema, and pneumoni¢e consolidation, 
The bluish, non-crepitant, depressed portions of collapse, 
which become darker and more friable with age, are 
usually most abundant in the lower lobes and margins 
of the Jungs. The collapse sometimes involves the whole 
of one lobe, but more commonly it is limited to smaller 
areas. When scattered and linited im its distribution, 
there is usually more or less emphysema of the intervening 
portions of the lung. 

Those portions of the lung in which the pneumonic 
process has supervened most commonly appear as scat- 
tered nodules of consolidation, varying in size from a 
small pea to a hazel-uut. These are ill-defined, and 
pass insensibly into the surrounding tissue, which is 
variously altered by congestion, collapse, and emphysema. 
They are of a reddish-grey colour, slightly clevated, 
smooth, or very faintly granular, and soft and friable in 
consistence. As they increase in size they may become 
confluent. In a more advanced stage, the nodular and 
more diffuse consolidation becomes paler, firmer, drier, 
and somewhat resembles in appearance ordinary grey 
hepatization. 
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When examined microscopically, this consolidation is 
seen to consist of an accumulation within the alveoli of 
a gelatinous mucoid-looking substance, small cells re- 
sembling leucocytes, and epithelial elements. In many 
cases much of this accumulation is precisely similar to 
that contained in the smaller bronchi, and it is evidently 
the inflammatory and richly cellular bronchial secretion 
which has been inhaled. (Fig. 134.) Itis also often partly 
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Broncho-Pneumonia.— From a child aged four, with eapillary ” 
bronchitis, A section of one of the patehbes of consolidation, 
Showime the stuffing of the alveoli with what appears in the 
main to be inhaled bronchial secretion. x 200. 


the result of exudation and emigration from the pul- 
monary capillaries; for, as shown by Cohnheim, blood- 
stasis so injures the walls of the blood-vessels that the 
blood-corpuscles and liquor sanguinis readily permeate 
them (see p. 213). Associated with this material are 
epithelial elements. These vary considerably in number. 
In some cases, and in some portions of the consolidation, 
they may be very few, whilst in others they may constitute 
the predominant change. (Fig. 185.) 

The subsequent changes which take place in the lungs 
vary. When the disease does not end in death, resolu- 
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tion is the most common termination. The contents of 
the alveoli undergo fatty metamorphosis, and are re- 
moved by expectoration and absorption, the ling gra-. 
dually regaining its normal character. This process, 
however, is less readily effected than in croupous pneu- 
monia, and it often occupies such a lengthened period 
that some thickening of the bronchial and alveolar walls 
and dilatation of the smaller bronchi remains, In 
chronic cases this fibroid thickening is much more 
marked, and considerable irregularly distributed pig- 





Catarrhal. Pnenmoma.—From a ease of acute 
phthisis. -Showimeg the large epithehal cells which 
fill the alveoli. x 200. 


mented induration and bronchial dilatation may he pro- 
duced. (See “Chronic Pneumonia.) In these chronic 
forms the contents of the alveoli sometimes caseate, and 
then become encapsuled, or in quite exceptional cases lead 
to disintegration. 

HYPOSTATIC PNEUMONIA.— Allusion must be 
made here to a form of lung-consolidation which is often 
described as pneumonic, but which, in reality, is for the 
most part non-inflammatory in itsnature. This is the so- 
called hypostatic pneumonia. This condition is met with 
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at the bases and most dependent portions of the lungs 
in the course of both chronic and acute diseases, and also 
in the aged and debilitated. It consists in the main of 
collapse, hypersemia, and osdema of the lung-tissue, re- 
sulting from weak inspiratory power, feeble circulation, 
and gravitation. The consolidation thus mechanically 
induced is increased by more or less exudation of liquor 
sanguinis and blood-corpuscles into the alveoli, which 
exudation is due to the damage to the walls of the 
capiularies caused by the imperfect circulation. 


INTERSTITIAL OR CHRONIC PNEUMONIA. 


Interstitial or chronic pneumonia is characterised by a 
gradual increase in the connective tissue of the lung, 
which leads to an induration of the pulmonary texture, 
and to progressive obliteration of the alveolar cavities. 
It is commonly associated with catarrh and dilatation of 
the bronchi, and often with ulceration of the bronchial 
walls and excavation of the indurated lung. 

PATHOLOGY.—It is exceedingly doubtful if inter- 
stitial pneumonia is ever a primary and independent 
affection. It probably in all cases owes its origin to 
some antecedent more acute inflammation of the pul- 
monary or bronchial textures, or of the pleura. It may 
be stated generally that all inflammatory processes in 
the lungs which become chronic lead to an increase of 
the connective-tissue elements, and consequently to a 
fibroid induration of the organs; and in this respect, 
therefore, these processes resemble similar ones in other 
parts—e.g., in the liver, kidney, and mucous membranes. 
In the lungs, by far the most common cause of such in- 
duration is tuberculosis, and in all cases of phthisis, 
excepting in those which are the most acute, there 1s 
more or less fibroid growth. The most chronic cases of 
phthisis—those in which the fibrosis is the most marked 
—are, it must be admitted, histologically somewhat 
closely allied to some forms of interstitial pneumonia. 

E E 
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The two diseases differ, however, in this respect—that 
whereas much of the pulmonary consolidation of phthisis 
tends to undergo molecular death and disintegration, that 
of interstitial pneumonia exhibits no such tendency, 
any destruction and excavation of the indurated lung 
which may take place being due to secondary inflammation 
and ulceration commencing in the bronchial walls. In 
considering the pathology of interstitial pneumonia, 
therefore, it is necessary to exclude, in the first place, the 
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Chronic Bronchitis. —Showing the new growth of fibro- 

nucleated tissue around the bronchus 6, and the way in 


which this tissue is invading the walls of the adjacent 
alveoli. v, A divided blood-vessel. x 100, reduced 4. 


pulmonary fibrosis of chronic phthisis. (See “ Pulmonary 
Phthisis.””) Interstitial pneumonia must be separated 
also from that form of pulmonary induration which is 
produced by long-continued mechanical congestion (see 
‘¢ Brown Induration of the Lung’), and from those more 
localised indurations due to chronic bronchitis (Fig. 136), 
and to syphilis. 

There appear to be four conditions which may give rise 
to interstitial pneumonia. These are as follows :— 
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1. Croupous Pneumonia.—The pulmonary consoli- 
dation of acute croupous pneumonia in almost all cases 
undergoes complete resolution. This resolution is usually 
effected rapidly, but occasionally it is more protracted. 
When protracted, the hepatized lung tends to become 
slightly indurated, owing mainly to thickening of the walls 
of the alveoli. This indurated hepatization differs but 
little in its physical characters from ordinary red and grey 
hepatization ; it is simply somewhat firmer, more re- 
sistant, and less granular. In very exceptional cascs this 
small amount of induration, commencing in the alveolar 
walls, may gradually increase, so as ultimately to give 
rise to that extensive fibrosis of the lung which constitutes 
what is usually known as interstitial pneumonia. 

2. Broncho-pneumonia.—This is a somewhat more 
frequent cause than the preceding. The greater lia- 
bility, of this form of pneumonia to lead to pulmonary 
induration is to be accounted for partly by its longer 
duration and greater tendency to become chronic, and 
partly by the existence of bronchial dilatation with 
which it is so frequently associated. That bronchial 
dilatation is favourable to an indurative pneumonic 
process has been insisted upon by Dr. Wilson J ox.* 
The existence of this dilatation favours the persistence 
of the catarrhal and pneumonic process. The'removal 
of secretion is rendered difficult, and the retained se- 
cretion tends to keep up und increase the irritative 
process both in the dilated bronchi and also in the 
pulmonary alveoli, and this persistence of the bronchial 
and pulmonary inflammation leads to fibroid thickening 
of the bronchial and alveolar walls. In this way 
areas of fibroid induration are produced, which, as the 
process extends, may ultimately involve large portions 
of the lung. The progressive tendency of the process 
is probably partly to be explained by the fact that 





* Noynolds’ “System of Medicine,” vol. iii, Article, Chronic 
Pneumonia, 
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pulmonary fibrosis is a cause of bronchial dilatation, so 
that fibrosis once established, by inducing further dila- 
tation of the bronchi favours the extension of the bron- 
chial and pulmonary induration (Wilson Fox). 

Under this head may be included also those cases of 
induration and ulceration of the lung which result from 
obstruction of a main bronchus—such as is produced by 
the pressure of an aneurism. Here the retained bronchial 
secretion sets up inflammatory changes in the bronchial 
and alveolar walls, which gradually lead to induration 
and ulceration of the lung.* 

3. Pleurisy.—This, in exceptional cases, leads to the 
development of an interstitial pneumonia. It appears to 
be in those cases of pleurisy which are more or less 
chronic, and in which the effusion remains long un- 
absorbed, that such a result is most liable to occur. 
The induration of the lung thus induced is often, 
however, partial, consisting merely in some increase 
of the interlobular connective tissue, originating and 
extending inwards as dense bands from the thickened 
visceral pleura. In other cases, pleurisy gives rise to a 
much more general fibrosis. 

4. The Inhalation of solid irritating particles,— 
This, which occurs in miners, potters, stonemasons, 
grinders, &c., is the cause of the fibrosis of the lung so 
common amongst these workmen. The continuous irri- 
tation of the inhaled particles induces a bronchial and 
alveolar inflammation, and ultimately a progressive 
fibrosis, with dilatation and ulceration of the bronchi. 
Such cases often become tuberculous. 

HISTOLOGY, &c.— The appearances presented by the 
lung when the fibrosis is extensive and general are very 
characteristic. The organ is diminished in size; the 
tissue is smooth, dense, firm—in parts almost carti- 
laginous in consistence; and it is irregularly mottled 
with black pigment. The alveolar structure of the lung 


* See case by Dr. Irvine, Trans, Path. Soc. Lond., vol. xxviii, p. 63, 
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is in most parts completely destroyed, and on section the 
dilated bronchi are seen as numerous large openings 
scattered over its surface. The dilated bronchi frequently 
become the scats of secondary inflammatory processes, 
which may lead to ulceration and ultimately to extensive 
excavation of the indurated tissue; but there is a com- 
plete absence of any of those caseous changes which are 
so characteristic of phthisis. ‘This secondary inflam- 


Fig, 137. 
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Interstitial Pneumonia,—From a caso of so-called “ cir- 
rhosisx”’ of the lung, in which the discase was unilateral, 
The bronchi were much dilated, and there was a complete 
absence of any casvous change. The drawing shows the 
new fibro-nucleated growth, both in the alveolar walls and 
in the interlubular tissue, also the pigmeutation, Ataa 
divided vessel is seen. x 100.* 






La 
- 


mation of the dilated bronchi is induced by the irrituting 
and often putrid secretion which they contain, and which 
is only with great difficulty completely removed by ex- 
pectoration. The pleura is almost invariably considerably 
thickened and adherent. 


* When this specimen is examined with a higher magnifying 
power a delicate reticulum can be seen between the cailalas 
elements. 
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The histological changes may be described generally as 
consisting in the development of a fibro-nucleated tissue 
in the walls of the alveoli, in those of the bronchi, 
and from the interlobular connective tissue; which new 
growth, as it increases, and from its tendency to contract, 
gradually replaces and obliterates the alveolar structure. 
The character of these changes, however, varies somewhat 
according to the more acute inflammatory antecedents in 
which they originate. When the result of a croupous 
pneumonia, the primary, and usually the principal, change 
takes place in the walls of the alveoli (Fig. 137), although 
ultimately the interlobular tissue is involved, The alveolar 
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Chronic Pneumonia, —Vascularisation and fibroid development 
of intra-alveolar exudation-products, Blood-vessels are seen 
distributed in the exudation-products, which blood-vessels 
communicate with those in the alveolar walls. The alveolar 
walls are also thickened by a fibro-nucleated growth. x 100, 
and reduced 4. 


walls become thickened by the growth of a small-celled 
tissue, in which, associated with the lymphoid cells, there 
are sometimes elongated fusiform cells such as are found 
in embryonic tissue which is undergoing fibroid develop- 
ment. The new growth in its earlier stages usually 
contains new blood-vessels, but later the tissue contracts, 
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and these become to a great extent destroyed. The 
alveolar cavities which are not obliterated, are either 
empty, or contain exudation-products or a few epithelial 
cells. In addition to the growth in the alveolar walls, I 
have met with three cases in ‘which intra-alveolur exuda- 
tion-products were undergoing fibroid development.* 
There was nothing peculiar in the macroscopical characters 
of the lungs, but the alveoli were found filled with a 
fibrinous meshwork and leucocytes somewhat similar to 
that met with in red hepatization. (See Fig. 132.) They 
differed, however, in this respect—that many of the cells 
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Chronic Pneumonia.—A portion of the intra-alveolar 
exudation-products (Fig. 138) more highly magnified, 
Showing the eclougated spindle-cells, the fibrillation, 
and the blood-vessels containing blvod-corpusceles, 
x 200. ; 


were long and spindle-shaped, and blood-vessels were dis- 
tributed amongst them, which blood-vessels communicated 
with those in the alveolar walls. (Figs. 138 and 139.) 
The alveolar walls also were thickened by a fibro-nucleated 
growth, It was therefore perfectly obvious that in these 


* For one of these specimens I am indebted to Dr, Goodhart, who 
records the case in the Trans, Path, Soc. Lond., vol. xxv. p. 33. 
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lungs the products of a previous acute croupous pneu- 
monia were becoming vascularised and undergoing de- 
velopment into a fibroid structure, and that this intra- 
alveolar change was the principal cause of the fibroid 
induration of the organs, 

When the fibrosis is secondary to an ordinary broncho- 
pneumonia, or to that induced by the inhalation of 
irritating solid particles, the new growth also originates 
principally from the alveolar walls. Here, however, the 
growth in the earlier stages is less uniform, and the peri- 
bronchial and interlobular connective tissue play a more 
prominent part in the process. 


CHAPTER XLII. 
PULMONARY PHTHISIS. 


By Pulmonary Phthisis is understood a disease of the 
lungs which is characterised by progressive consolidation 
of the pulmonary texture, and by the subsequent softening 
and disintegration of much of the consolidated tissue ; 
the upper portions of the organs being, in almost all 
cases, the first to become involved. 

Respecting the nature of the morbid processes which 
lead to this consolidation and disintegration of the lungs 
—various opinions have from time to time been held by 
pathologists, and this diversity of opinion exists to some 
extent even at the present day. According to the older 
views, which were based upon the teaching of Laennec, 
phthisis was regarded in all cases as a tuberculous 
disease. Tubercle was looked upon us a non-inflammatory 
growth which was characterised by the caseous degene- 
ration which it invariably underwent, and this caseous 
metamorphosis was held to be such a distinguishing 
peculiarity of the growth, that:all caseous masses came to 
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be regarded as tuberculous, and phthisis, in which casea- 
tion plays such a prominent part, was consequently 
regarded as a tuberculous disease. The various consoli- 
dations of the pulmonary tissue were described as “ infil- 
trated tubercle,” and tubercle in some form or othergyvas 
regarded as so essential a constituent of the disenseMhat 
“phthisis’ and “pulmonary tuberculosis” came to be 
synonymous terms. When the application of the term 
“tubercle” became limited by Virchow and his followers 
to the grey granulation, it was evident that these views 
were no longer tenable, and many, in accordance with 
the. advocacy of the late Professor Niemeyer, regarded 
phthisis as due to a form of caseous pneumonia, which 
was quite independent of tubercle, although this growth 
might occur as a secondary and accidental complication. 
It was then said that some cases of phthisis were tuber- 
cular, and that others were not; and attempts were made 
to subdivide the disease into distinct pathological varieties 
—such as “ tuberculous,” “ pneumonic,” and “ fibroid” 
phthisis, Our present knowledge of tuberculosis neces- 
sarily involves considerable modification of these older 
views. Before considering the pathology, however, it will 
be well to study the histology of the disease. 
HIsTOLOGY.— The histological changes in the lungs 
which occur in pulmonary phthisis are similar to those 
which are met with in these organs in acute miliary 
tuberculosis. They differ mainly in this respect—that 
whilst in the latter disease these changes are usually 
limited to small areas (hence the miliary character of the 
lesions), in the former they commonly involve much wider 
tracts of tissue. Phthisical consolidation is, however, 
lobulated in its distribution. This is owing to the fact 
that the injury causing the inflammation is inflicted 
through the medium of the bronchi. (See “ Etiology.”) 
This lobulated distribution of the consolidation is ex- 
ceedingly characteristic, and even in those acute cases, in 
which, owing to the rapid and extensive implication of 
the lung, the consolidation may to the naked eye appear 
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almost uniform (like croupous pneumonia), the micro- 
scope will usually reveal a lobular character. (Fig. 140.) 
The structural changes met with in the lungs in 
phthisis are mainly of four kinds :—1st. An accumulation 
of epithelial cells within the pulmonary alveoli; 2nd. The 
presence within the alveoli of a fibrinous exudation and 
leucocytes; 3rd. A cellular infiltration and thickening of 
the alveolar walls, together with, in most cases, a similar 
change in the walls of the terminal bronchioles; and 4th. 
An increase in the interlobular connective tissue. These 
four kinds of morbid change are very constantly asso- 
ciated, although in very different degrees; and some of 


Fig. 140, 





Acute Phthisis—A transverse section of a terminal 
bronchus lis baat and the surrounding alveoli.-- 
Showing the lobulated character of the pulmonary con- 
solidation. 0b, cavity of bronchus coutaining a little 
mucus. 7, a blood-vessel, x 50, reduced 4. 


them are more prominent and characteristic than others. 
The preponderance of one or other of them produces 
those variations in the physical characters of the lungs 
which are met with in the different stages, and in the 
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different varieties of the disease. These various structural 
changes must now be considered separately, together with 
the more important alterations in the physical characters 
of the organs which they respectively produce. 

lst. An accumulation of epithelial cells within the 
pulmonary alveoli.—This is one of the most frequent 
changes met with in phthisis, and is precisely similar to 
that which has been already described as occurring in 
cases of catarrhal pneumonia. (See Fig. 135.) The 
alveoli are found filled with large nucleated elements, 


Fic. 141. 





Actte Phthisis,—Showing one of the alveoli filled with 
epithelial elements, and marked cellular infiltration of the 
alveolar wall. x 200. 


which are the offspring of the epithelial cells normally 
lining the alveolar walls. (Fig. 141.) In some acute 
cases of phthisis this alveolar accumulation may con- 
stitute almost the only morbid change, and although 
there is always some cellular infiltration of the alveolar 
walls, the great bulk of the pulmonary consolidation is 
due to the stuffing of the alveolar cavities with catarrhal 
products. (Fig. 141.) In some parts—those in which the 
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change is the most recent—the large cells which fill the 
alveoli and the alveolar walls will be found but little 
altered, but in the greater portion of the consolidated 
tissue the cells will be seen in various stages of retro- 
gressive metamorphosis, and the alveolar walls destroyed ; 
whilst in those tracts of tissue in which the process is 
most advanced, all trace of structure is lost, and nothing 


Fia. 142. 





Section of Lung from a Case of Acute Phthisis.—Showing 
that the consolidation consists almost exclusively of pro- 
ducts accumulated within the alveoli. In some parts a 
free space is seen between the alveolar walls and their 
contents; this is due simply to the shrinking of the 
latter caused by the burdening of the specimen. x 560, 


is seen but a granular débris. These changes are pre- 
cisely analogous to those met with in many of the lgrger 
nodular lesions of acute tuberculosis. (See Figs. 93 
and 94.) 

20d. The presence within the alveoli of a fibrinous 
exudation and leucocytes.—This is less frequent than 
the preceding. (Fig. 143.) The exudation-products are 
similar to those which fill the alveoli in ordinary croupous 
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pneumonia. (See Fig. 132.) The coagulum, however, is 
usually not so abundant, neither is the fibrillation quite 
so distinct. In the most acute forms of phthisis this may 
constitute the principal cause of the pulmonary consoli- 
dation, but commonly it is associated with more or less 
epithelial proliferation. 

The appearances presented by the lungs in those cases 
‘in which the pulmonary consolidation is mainly due to 
the intra-alveolar changes above described are very cha-: 
racteristic. The consolidated tissue is quite soft and 


Fia. 143. 
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Acute Phthisis—Showing one of the alveoli filled with 
fibrinous exudation and leucocytes, and some cellular infil- 
tration of the alveolar wall. x 200. 


friable, breaking down very readily under the finger, and 
there is a complete absence of any induration. The con- 
solidation, although sometimes almost uniform, usually 
presents a somewhat lobulated outline, indicating the 
implication of different groups of the pulmonary lobules 
(p. 425). The colour varies from a reddish to a yellowish 
grey, and scattered through the consolidated mass are 
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often small portions of a more decidedly yellow tint. 
These latter correspond with those parts in which the 
retrogressive changes are the most advanced, and they 
are even softer in consistence than the surrounding 
tissue. In many parts the consolidated tissue will be 
found broken down, so as to form cavities of various sizes. 
These usually possess irregular walls, which are quite 
soft and friable, like the solid tissue which surrounds them. 

ord. A cellular infiltration and thickening of the 
alveolar walls, together with, in most cases, a similar 


Fia. 144, 
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Section of Lung from a Case of somewhat Chronic Phthisis. 
—Showing the thickening of the ulveolar walls by a fibro- 
nucleated adenoid-like tissue; together with an accumu-. 
lation of epithelial cells within the alveolar cavity. The 
latter are undergoing rctrogressive changes. x 200, 


change in the walls of the terminal bronchioles.—This is 
very constantly associated with the former intra-alveolar 
changes, and 1t must be regarded as the most charac- 
teristic phthisical lesion, although its extent varies very 
considerably in different cases. The change is precisely 
similar to that which has been already described as 
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occurring in acute miliary tuberculosis. In its earlier 
stages a few small lymphoid cells are seen infiltrating 
the alveolar septa, which are thus slightly thickened. 
(See Figs. 141 and 143.) As the change proceeds, the 
number of these cells increases, and from them an im- 
perfect fibro-nucleated structure is developed (Mig. 144.) 
This structure contains no new blood-vessels. As this 
new tissue develops in the alveolar walls, it gradually 
obliterates and replaces the alveolar cavities, so that 
whilst in some portions the thickened alveoli may be 
found still containing epithelial clements, exudation pro- 
ducts, or even giant-cells, in others large tracts will be 
seen, consisting almost entirely of the small-celled growth. 
The development of this new non-vascular tissue in the 
alveolar walls leads to the partial, or even complete, ob- 
literation of the pulmonary capillaries, which, as will be 
seen subsequently, constitutes an important element in 
the causation of the retrograde changes, 

The changes which may subsequently take place in 
this alveolar growth vary. The infiltrated septa may 
rapidly break down before any marked thickening or 
development of new tissue has had time to occur; whilst 
in other less acute cases there is a considerable develop- 
ment of the imperfect fibro-nucleated tissue, which, 
although it may remain as a more or less permanent 
structure, usually owing to insufficient vascular supply, 
undergoes in its turn retrogressive metamorphosis. ‘hese 
two kinds of change are very often found taking place 
simultaneously in different portions of the consolidated 
lung. In those portions in which the new tissuc is under- 
going degeneration, it, together with the cells which 
may be contained within the alveoli, will be seen to have 
become converted into a structureless granular débris, 
whilst perhaps in the immediate vicinity of these 
degenerated portions will be found a more permanent 
fibro-nucleated structure, 

Respecting the alteration which the growth of this 
small-celled tissue produces in the physical characters of 
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the lungs—it may be stated generally that it usually 
leads to more or less induration of the pulmonary texture. 
The extent of this induration, however, will vary accord- 
ing to the characters of the new tissue. If the tissue be 
almost entirely cellular, such as is the case when it is very 
rapidly developed, it will produce but little, if any, indu- 
ration of the pulmonary consolidation, which, consisting 
mainly of the intra-alveolar accumulations, will be soft 
and friable in consistence, much resembling that which 
has been already described. When, on the other hand, 
as is more frequently the case, there is any considerable 
development of the imperfect fibro-nucleated growth, or 
its reticulum is dense and abundant, there will be a 
corresponding induration of the consolidated tissue. In 
many cases these changes produce uniform tracts of 
indurated consolidation of a greyish colour mottled with 
black pigment, in which there may be scattered here and 
there yellowish patches corresponding to those portions 
which have undergone retrogressive fatty changes. 

4th. An inorease in the interlobular connective 
tissue.— This is met with, to a greater or less extent, in 
all the more chronic forms of phthisis. This tissue, 
which surrounds the bronchi and blood-vessels, and con- 
tributes to the formation of the alveoli, is found not only’ 
increased in amount, but also altered in character. In 
the earlier stages of its development, when it contains 
numerous small cells, although many parts of it may 
resemble the growth in the alveolar walls, its structure is 
more like that met with as the result of chronic indurative 
processes in other organs. Jt has a much greater ten- 
dency to become developed into a fibroid tissue than the 
alveolar growth, and is rarely the seat of those retrograde 
changes which are so frequent in the tissue originating 
in the alveolar walls. As usually met with, it consists 
either of wavy fibres or of a more or less reticulated 
structure, with a varying number of round, spindle- 
shaped or branched cells. (Fig. 145.) Associated with 
it, in-most cases, are granules of black pigment. These 
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differences in the pathological tendencies and structure 
of the alveolar and interlobular growths are mainly owing 
to differences in the amount of their vascular supply. 
Whereas in the former the vessels become obliterated in 
the manner already described, in the latter this oblitera- 
tion is much less complete or entirely wanting. In the 


Fia, 145. 





Chronic Phthisis. —Shdwing the new interlobular fibroid 
growth surrouuding and encapsulating a degenerated and 
caseous portion of the consolidated lung. x 60, reduced 4. 


most chronic cases of phthisis this interlobular growth 
may constitute the predominant structural change, and 
large tracts of the pulmonary texture may be found 
completely replaced by it. (See ‘Interstitial Pneu- 
monia.”’ 

An increase in the interlobular connective tissue in 
phthisis—inasmuch as the new tissue has so marked a 

F RF 
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tendency to become dense and fibroid—leads to extensive 
induration of the pulmonary texture; and further, owing 
to the contraction which the tissue tends to undergo, its 
growth ultimately produces a corresponding contraction 
of the diseased lung. In all those cases of phthisis in 
which there is either a marked thickening of the alveolar 
walls, or an increase in the interlobular connective tissue, 
any cavities which may exist in the consolidated and 
indurated tissue are characterised by the tough and 
fibroid character of their walls, these presenting a marked 
contrast to the soft friable tissue which surrounds the 
cavities in those cases in which the pulmonary consoli- 
dation is mainly due to intra-alveolar changes. 

Changes in the Bronchi.—Allusion must now be 
made to certain changes in the bronchi. These tubes are 
invariably more or less involved in pulmonary phthisis. 
Some catarrh of the bronchi is constantly present in 
phthisical lungs. The catarrh is sometimes general, but 
much more commonly it is limited, and more strictly 
confined to such portions of the lung as are becoming, or 
have already become, consolidated. In many cases there 
in a murked tendency of this bronchial catarrh to lead 
to extensive cellular infiltration of the deeper structures 
of the bronchial wall. This is especially the cause in the 
scrofulous. (See ‘‘ Scrofulous Inflammation,” Fig. 103.) 
This cellular infiltration sometimes leads to the produc- 
tion of small ulcers. These have thickened opaque edges, 
and when once formed they tend to increase. In addition 
to these changes in the bronthial mucous membrane, 
there is often a cellular infiltration of the peri-bronchial 
tissue, and here small nodules of new growth are fre- 
quently met with—especially around the smallest bronchi. 

PATHOLOGY.— Having thus briefly described the 
various structural changes met with in the lungs in 
phthisis, it remains to consider the nature of the morbid 
processes upon which they depend. In the first place, it is 
evident that these changes are analogous to those which 
have been seen to occur in the several forms of pulmonary 
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inflammation. The fibrinous exudation and leucocytes, 
and the accumulation of epithelial cells within the 
alveoli in croupous and catarrhal pneumonia, with, in 
the more chronic cases, the ultimate infiltration of the 
alveolar walls; and the increase in the interlobular 
connective tissue which characterises the interstitial 
process, closely resemble the phthisical lesions. ‘These 
considerations, together with those derived from the 
study of the etiology of the disease, are sufficient to 
justify the conclusion that the morbid processes which 
lead to the consolidation and subsequent disintegration 
of the lung come within the category of infilamma- 
tion, and that the differences in the histological 
changes to which they give rise are mainly due to differ- 
ences in the intensity and duration of the inflammatory 
process. 

But although phthisical consolidation of the lung is the 
result of inflammation, it is obvious from our previous 
considerations (p. 290), that the process does not owe its 
origin to simple causes. The progressive character of 
the inflammation, and its tendency to infect adjacent and 
distant portions of the lung shows the existence of some 
continuous irritant; and for some 


years past it has become increasingly Mig. 146. 
probable that this consists in the Crore 
presence of some pathogenic or- pat a mi > 
ganism. Koch appears to have dis- TRO aad ve 
covered the organism. His, and all Rt ok AY 


subsequent investigations, tend to Fahddsis. pecans 
show that the Bacillus tuberculosis In phthisical sputum, 
is invariably present both in the ~ 300. 
lungs and in the sputum in all cases 
of phthisis (Fig. 146); and we must therefore regard 
phthisis as a more or less chronic pulmonary tuber- 
culosis (pp. 307-8). 

In considering the causes of the differences in the 
histological changes in the lungs, it is important to bear 
in mind what has been already stated respecting the 
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variations in the character of the textural alterations in 
infummation which are produced by differences in the 
intensity and duration of the inflammatory process. 
When studying the process of inflammation it was seen 
that the most intense forms of the process were clatac- 
terised by abundant flmid and corpuseular exudation ; 
whereas in inflammations of less intensity and longer 
duration, téssue-formation played a prominent part. 
These textural changes also varied according to the in- 
tensity of the inflammation. In the least severe and 
most chronic forms these changes tended to be lmited 
to the clements immediately adjacent to the blood- 
vessels and lymphatics, whereas in inflammations of 
somewhat greater intensity more distant elements be- 
came involved. Further, whereas in the former case these 
changes usually resulted in the formation of a small- 
celled tissue which tended to become fibroid, in the latter, 
the more distant elements-—being in most cases incapable 
of further development—tended to undergo retrogressive 
cuanges. In the lungs, the truth of these propositions 
was borne out by the differences which were seen to exist 
in the histological characters of the lesions in the various 
forms of pulmonary inflammation, and also in acute tuber: 
culosir, 

If the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the dif- 
ferences in the histological characters of the lesions to 
pulmonary phthisis becomes evident. In those cases 
in which the inflammatory processes are of slight in- 
tensity and of long duration, the most marked strue- 
tural change will consist in the development of a small- 
celled growth in the alveolar walls and in the interlobular 
tissue—a growth which tends, more or leas, to become 
developed imto a fibroid structure; whereas in those cases 
in which the inflammation is of greater intensity, fluid 
and corpnscular exudation, and proliferation of the alveo- 
lar epithelium, will constitute more prominent parts of the 
process. 


PULMONARY PHTHISIS. 437 


The intensity of the inflammatory process not only 
determines the histulogical characters of the pulmonary 
consolidation, but also to @ yreat extent, the subsequent 
changes which take place init. Tn those cases of phthisis 
in which the intensity of the inflammatory process is con- 
siderable, not only do the epithelium and exudation-pro- 
ducts which have accumulated within the alveol quickly 
degenerate and break down, but any small-celled tissae 
which may have been developed in the alveolar walls or 
around the terminal bronchioles also softens and dies, 
and thus the vitality of large tracts of the pulmouury 
cousvlidation may beeome destroved. In those cases, on 
the other hand, iu which the process is Jess mtense, the 
sinall-celled growth produced in the alveolar and bronchial 
walls is more permanent, and there is an increase in the 
interlobular connective tissue. It is these two kinds of 
change, the one tending towards death, and the other 
towards the production of new tissue, which produce the 
caseation and softening on the one hand, and the indura- 
tion on the other, which, associated im such various 
degrees, make up the diverse physical characters of the 
phthisical luug. 

These various secondary changes Which may take place 
in the pulmonary consolidation of phthisis must be con- 
sidered more fully, They are of three kinds—resolution, 
development into an imperfect fibroid tissue, and retro- 
grade metamorphosis. 

Resolution. —Much of that consolidation of the lung 
which is the most rapidly induced, and which 18 conse- 
queutly owing to the presence of intra-alveolar exudation 
mutter, may become absorbed. The resolution of the con- 
solidation may thus be complete, or after the absorption 
of the intra-alveclar products there muy remain more or 
less infiltration of the alveolar walls. 

Fibroid Development.—'['his, us has been seen, may 
take place in the growth in the alveolar walls, and also 
in the new interlobular tissue. The tissue which originates 
in the walls of the alveol, however, being for the most 
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part destitute of blood-vessels, is incapable of forming a 
very mature structure, although it may develop into an 
imperfect tissue, which may remain for some time perma- 
nent, and so contribute to the induration of the lung. 
In the new interlobular tissue there is not the same inter- 
ference with the vascular supply, and hence this forms 
a much more fully developed and permanent structure, 
and it is the priucipal source of the pulmonary fibrosis. 
The extent of this fibrosis is, for the most part, in direct 
proportion to the chronicity of the disease. 

Retrograde Metamorphosis. --It is this kind of 
change which leads to that caseation. softening, and dis- 
integration which is so characteristic of phthisis, and 
which distinguishes phthisieal trom other forms of pneu- 
monic consolidation. A retrograde change in the intlam- 
matory products is an invariable accompaniment of acute 
non-phthisreal pneumonia. Much of the exudation matter 
and epithelium which fill the alveoli undergoes fatty and 
mucoil chanves, and as the circulation becomes restored 
in the pulmonary capillaries, the devencrated products 
are absorbed, and the lnug remains intact. In phthisical 
consolidation, however, this removal of the inflammatory 
products does not take place. The contents of the alveoli 
degenerate, but the degenerated products are not absorbed, 
and the consolidated lang undergoes a rapid or gradual 
process of disintegration. 

Tn studying the causes of this retrograde metamor- 
phosis, which constitutes so essential a feature of the 
disease, we find that it is due principally to conditions i- 
terfering with the circulation. Of these conditions, that 
which probsbly occupies the most promiment place is that 
cellular infiltration of the walls of the alveoli and smaller 
bronchi which is such a constant though very variable 
factor in phthisis. It has been seen that this infiltra- 
tion is expecially characteristic of scrofulous intflamma- 
tions, and that it occurs in a modified form in those who 
are not markedly scrofulous, and also in all pulmonary 
inflammations which become chronic. When the infiltra- 
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tion is marked, and especially when rapidly induced, the 
effect of the pressure which the youug evlls exercise npon 
the pulmonary capillaries is to obstruct the cireulation, 
and so not only to prevent the absorption of any anitra- 
alveolar products, but also to lead to necrotic changes, 

Amongst other conditions which tend to interfere with 
the circulation, and so to cause neerosis, must be men- 
tioned, as obtaining in the most acute forms of phthisis, 
the pressure which is exercised upon the pulmonary 
capillaries by the inflammatory products which have aec- 
cumulated within the alveoli; and that tendency to 
stagnation of the blood-stream which is an invariable 
accompaniment of every intense inflammation, A destrue- 
tion of the capillaries by the tuberele bacillus possibly 
coustitutes a factor in the process. 

In addition to the interference with the circulation, an 
important element in the causation of the retrovrade 
changes of phthisis is probably that inherent weakness of 
the lungs (usually inherited), which not only renders 
them especially susceptible to injury, but also, when in- 
jured, renders them abnormally incapable of recovering 
from the inflammatory process which has been induced. 

In many cases of plthisis also, especially in the 
more chronic forms, secondary iiflammation and uleera- 
tion of the pulmonary consolidation, resulting from 
the injurious influence of retained seeretions and = in- 
flammatory products, contributes to the destruction of 
the lung. 

ETroLoGy.—In studying the etiology of phthisis it is 
obvious, in the first place, that aceepting the tubercle 
bacillus as an essential element, something more is neces- 
sary for the production of the disense. The bacillus, ak 
hus been seen, must in some situations be constantly 
entering the lungs by meane of the reepired air (p. 307)-- 
in hospitals set apart for the treatment of consumption 
the source of infection must abound, and yet how exceed: 
ingly rare are the instances in which the development 
of phthisis results. The other necessary factor is 
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something inherited or acquired—inherent in the in- 
dividual. 

The influence of hereditary predisposition 18 so marked 
that it must necessarily occupy a prominent place in the 
pathology of phthisis. As to the nature of what 1s 
transmitted—although in quite exceptional cases this may 
possibly be the tubercle bacillus --speaking generally it 1s 
in all probability simply a tendency to disease. It mity 
be said that this tendency consists m some feebleness of 
the constitution in general, and often of the dunes and 
other organs in particular, As a result of this fectleness 
there is usually a waut of constitutional vigour, the power 
of resisting injurious influences is ‘lmimished, and the 
Innes and often other organs and tissues whieh are espe- 
cially weak are in consequence abnormally lable to become 
inflamed. Further this inherited weakness not only 
renders certain organs abnormally liable to inflamination, 
but also abnormally ineapable of reeovering drom = the 
fects of the inflammatory process; and there is thus 
mare or less tendency to retention and aecaniulation of 
luflarmmatory products, (See “ Serofnla.”) 

Another important factor ip the development of phthisis 
is the state of the general health. Quite apart from any 
inherited constitutional feebleness there can be no doubt 
that an impaired state of health greatly favours the 
development and progress of the disease. It is when 
both these obtain that we have the most favourable 
conditions, 

In these two conditions, therefore, hereditary predis- 
position and state of general health, we have the other 
factor—the something inherent in the individnal which 
appears to be necessary for the production of phthisis. 
It is this inherent condition which must be regarded as 
constituting a soil favourable to the development of the 
iuspired bacillus, and, whatever it may be, its importance 
ix dificult to over-estimate, 

So little is at present known of the life-history of 
Bacillus tuberculosis that the circumstances which favour 
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ita growth cannot be formulated ; hut in endeavouring to 
nuderstand the favourable influence imherent mn the in- 
dividual in the case of phthisis, we shall probably find 
some explanation in the apical distribution of the pul- 
monary lesion. 

The causes of this apical edition are probably to 
be sought for in the diumushed range of respiratory 
movement which obtains in the highest portions of the 
Jungs. Ag aresult ot this dimamshed movement, there 
is diminished aeration of blood, and, in certain eonditions 
of health, a tendency to stagnation of the blood-stream 
in the pulmonary capillaries. The stagnation of the cir- 
culation leads to more or Jess injury of the walls of the 
vessels, and a slight leakaye ds thus induced. 

Tt as obvious that auy inherited or aequired weak ness 
must favour the occurrence of these apieal changes. 
General feebleness aud waut of vigour lead to loss of 
museniar streneth and weakness of the heart, and thas 
tend to prevent the full expansion of the chest, to cause 
a stooping postare of the body, and to unpair the blood. 
and air-circulation—all conditions favouring blood-stap- 
nation in the highest portions of the lungs. Further-- 
the toneless condition of the Dlood-vessels, and the 
poverty of the blood with which the constitutional feeble. 
Dess is 80 often axsomated, furnish the conditions which 
are the most favourable to trausudation, Muy not the 
existence of sueh physical conditions im the highest 
portions of the Jungs. if not essential to, at all events 
greatly favour, the unjuricus influence of the inspired 
bacillus? And may we not, by treatment which tends 
to obviate them, du much tu prevent the development of 
phthisis ¥ 


CHAPTER XLII. 


INFLAMMATION OF THE BRAIN AND SPINAL 
CORD. 


INFLAMMATORY processes in the nervous centres are Jess 
frequent than was formerly supposed. Many of the 
morind changes m the brain and spinal cord attended by 
softening and formerly regarded as the result of intlam- 
mation, are now known to arise from simple titerference 
with the blood-supply, such as resnits from thrombosis, 
embolism, or degenerative chanyes in the walls of the 
blood-vessels. (See “ Cerebral Softening.’) 

Inflammation of the brain and spinal eord may begin 
upon the surface, being secondary to an inflammation of 
the meninges, orit may commence inthe substance of the 
organs. Sometimes the process is diffuse, sometimes errs 
cumseribed It may ran either an acute or a chronic 
COUTSHe, 

MENINGITIS.--‘This may arise by direct extension 
from other parts, especially the petrous bones around the 
nuddle ear; or it may be due to wound yseptier or to in- 
juries without wounds snch as blows, and especially 
exposure to great heat. It may constitute the specttic 
lesion of an infective disease (epolemic cerebro-spinal 
iIneningitis); or it may appear asa secondary lesion ip the 
courses of other infective diseases, as acute rheumatism, 
pymnia, erysipelas, typhoid, &e. It may also be dne to 
the presence in the membranes of abnormal bodies, par- 
ticularly tubercle (p. 310). 

fn these cases a serous, fibrinousg, or purulent exudation 
occupies the sub-arachnoid space, occurring in greatest 
abundance where this space is largest—ie. in the inter- 
peduncular space, the region of the anterior perforated 
epot, and the grooves of the sulci. Whilst tubercular 
meningitis uffects chiefly the base, that from sunstroke 
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and the infective forms are most marked upon the con- 
vexity of the brain. The spinal meninges are as a rule 
less affected than the cerebral. The velum interpositum 
is often inflamed, leading to effusion of fluid into the ven- 
tricles; the ependyma thickens and becomes rough on 
the surface. The brain-substanee generally 1s yperamic, 
often oedematous and soft; tuimediately beneath the i- 
flamed membrane the congestion is marked, small hiemor- 
rhages wre common, and the grey matter more or less 
infiltrated with cells. The extent of the lirain-changes 
corresponds with the extent and duration of the meningeal 
inflammation, 

The above are generally aeute disenses; but chronre 
inflammations veeur from alecholism, vi veneral paralysts, 
syphilis, and other diseases, leading to eireumseribed 
thickenings of the membranes, adhestons of the miem- 
branes, and superticial sclerosis of the sulyacent brain: or 
cord-snbstaunce. 

ENCEPHALITIS AND MYELITIS. —-[n{lamivations 
conmencing inthe substanee of the brain or epiual eord 
are, as a rule, Girenmeseribed » hutoin the cord it us not une 
common’ for myelitis to extend through a considerable 
length of the grey matter. Mechameal injury canyng 
contusions and lacerations is a common cause of Tuffame 
matory round-celled infiltration ; 80 also is prekeure, its 1s 
best seen in the neighbourhood of taumours, tubercular 
masses, parasites. dc., and in angular curvature of the 
spine. Causes occur also, especially in the cord, in which 
the cause of the inflammation is obscure. According to 
Charcot, hemorrhage inte the cord is generally the resnit 
of myelitis. Suppuration in the cord is extremely rare ; 
in the brain itis more common, though still rare. Jo this 
situation the ordimary causes of abseers are three :—(1) 
Direct injury to the head, sometimes of a slight hind and 
unaccompanied by wound, but yvenerally fracturing the 
skull, producing a woun i and even leaving a foreign body 
in the brain-substance. (2) Disease of the skull-bunes, 
especially of the petrous part around the middle ear. In 
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these cases the membranes and brain may all be adherent 
to the diseased bone, and the abseess he close to the 
Kurfaee ; or the abscess may he deeply in the substance 
of the brain and produce no disturbance of the mem- 
branes. (3) Pyamia: The abscesses in these cases, which 
are rare, are often multiple. 

The process ot inflammation in the brain ix the same 
as elsewhere. Tt begins with hyperwimia, often aecom- 
panied hy munute extravasations of red corpuscles; the 
tissue becomes infiltrated with leueoeyvtes and consider- 
ably softened, so that it washes away under a stream of 
water too gentle to affeet the healthy sulstanee, At 
first unitorinly red or mottled, the seffened tissue gra- 
dually acquires a brownish or brownish-yvellow colour, 
owtng to changes in the hasmoclobin, The nerve-ttbres, 
nerve-eells, and cells of the neuroglia become fatty and 
disintegrate; the fat-granules are taken up by leuco- 
eytes, which grow into darge very granular cells, called 
“ntliammatory or exudation-eorpuscles, or corpuscles 
of Gluye. (See Fig. 1) ‘The above process ts described 
us Xnflammatory Softening, vod is quite distinet from 
the degenerative softenings from embolism, thrombosis, 
&e. Gy 0), 

Ifthe enuse is of such a nature as to lead to snppuration, 
eell-intiltration increases greatly, replaciug the normal 
structure; then the centre of the mass dies, and a 
yellowish or reddish pus torms., Such an abscess muy 
spread until it bursts etther externally or into the 
ventricles, and if it be opened during this stage its walls 
will be fouud shaygy, very vascular, dotted with ha:mor- 
rhages, and softer than normal; whilst, microscopically, 
all the stages of intlammation—-from suppuration down- 
wards-~ would be seen. But the abseexs may at any 
time cease to spread, and become surrounded by a capsule 
of connective tissue, whilst the pus often undergoes 
mucous deyveneration, and beeomes thick and viscid. 
It is thought that pus thus encapsuled may dry up and 
caseate or caluify, or be even completely absorbed, leaving 
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little more than a scar. Abscesses may oceur in any 
part of the brain, but are must common in the temporo- 
sphenoidal lobes. 


SCLEROSIS OF THE BRAIN AND SEINAL CORD 


Many discases are characterised by the presence of 
excess of fibrous tissue in different parts of the central 
nervous system, such excess bemye aecompanted dy 
degeneration and atrophy of the proper nervous clements. 
The abnormal tissue as just suehoas results from a pro- 
ductive inthonination (p. 270, and many patholocists 
regard these diseases as of inflammatory origin, There is, 
however, inuch room for doubt im many cases. and other 
observers prefer to look upon the inerease of connective 
tissue as due toa hyperplasia of the neurogha, the cause 
being unknown. As Jesions of this nature produce 
induration of the parts affected, they are called Scleroses. 
In their carly stages, however, which are rarely seen, 
seffentng rather than induration results. 

Sclerosis yany be either primary or secondary— /.., 
the tibroid overgrowth may first appear, and by ite pres- 
sure cause atrophy of the nerve-tubules 5 or the primary 
Jesion may be that rapid degeneration of nerve-tibres 
which follows their separation from the cells of which 
they are processes, the fibroid overgrowth being con- 
sequent apon this. These changes may affect either the 
brain or the cord, and may be more or Tessa diffuse in 
distribution, or limited to physiological tracts, such as the 
crossed and direct pyramidal; or small patches may be 
irregularly scattered through the part-- disseminated or 
insular sclerosis. Either the prey or white matter may 
be the primary seat of the lesion, but m certain diseases 
the overgrowth generally extends from the one into the 
other, whilst in others such extension hardly ever occurs, 

Waked-eye Appearances.--In the eurhest stage a 
soft red pateh, with more or less swelling, may indicate 
the seat of disease; but mach more commonly the area 
is pale and greyish, its translucency and firmness varying 
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with the relative proportions of cells and fibrous tissue 
present. The part may be swollen, of normal size, or 
contracted; and the pia mater is generally more or less 
adherent. Often, however, no nuked-cye change can be 
detected in the fresh cord. This should always be cut into 
portions about half an inch long, kept togetherby the mem- 
branes on one side, and placed in bichromate of ammonia 
(2 percent). This stains the normal nerve-tissue greenish 
brown, whilst the selerosed tracts remain pale yellow, and 
are casily detected and traced. In sections, the altered 
tissue stains deeply with carmine., This is owing to the 
fact that the white substance of the nerve-fibres does not 
stain, but the connective tissue stars deeply. Hence 
the devree of staining is valuable as indicating, even to 
the naked eye, the degree of the selerosis. 
Microscopical Appearances, - In ihe cord it is almost 
always possible to compare the diseased with healthy 
tracts. Wethen find, as a rule, 
Pic 447. that am the white matter the 
clear rings (substance — of 
Schwann), which normally sur- 
round the axis evliinders, have 
disappeared in the former, few 
if any axis cylinders being 
visthle in it, and the connective 
tissue has increased so as to 
more ar less completely replace 
the lost medullary substance. 





aclerosis of Spend Cord -- i 47 
From a ease of Progressive 4 re. L477.) In rarer cases Ieu- 


Museulir Atrophy A trims. cocytes are found infiltrating 


TORRE sce Showin the ; 
SOE SOVETLS ~ TON INE TOPS te patch, and exudation-cor- 
atrophy and disappearance of 


the nerve-bres, and the new puscles may be numerous. 
tissne between them. 20. ‘The walls of the blood-vessels 

(external coats) also are said 
to be thickened. In the yrey mutter, intense hyperemia 
ix present in the early stages. and more or less round- 
celled infiltration. This is succeeded by fibroid overgrowth 
such us the above. The nerve-cells may be swollen at 
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first, but later on they are shrunken, often pigmented 
and diminished in number; and not uncommonly, the 
anterior cornu may be wholly destitute of them. 

SCLEROSIS OF THE BRAIN. — his 1s less common 
than sclerosis of the cord, both asa primary and as a se- 
econdary lesion. Pronary scleroses of particular parts have 
not been associated with definite symploms. ‘The over- 
growth may be general, but is usually disseminated. [tis 
found in muny cases of insanity, but most constantly in 
general paralysis of the insane, which is beheved to be due 
to sclerosis of the grey matter of the cortex, which Jater 
extendsx into the white substance. Its frequent also in 
isulated convolutions, in the pons, and medulla of epi- 
lepties and ihots. As a seroudary lesion, a band of 
deseending degeneration ts found after destractive lustous 
of the motor fibres auywhere below the cortical centres. 
Such lesions are most common im the basal ganglia, 
especially the corpus striatum, 

SCLEROSIS OF THE CORD. Jn this part of the 
nervous system, certain symptoms are associated with 
sclerosis of certaim tracts. This may be primary or 
secondary, and may affect either white or grey matter. 

White matter.— Perhaps the best example of primary 
sclerosis of white matter occurs in locomotor atary. 
In this disease the nuked-eye and microscopic appear. 
ances above given are found in the posterior rout zone 
(Fig. leo, pains.) (in-coordination), and are almost always 
most marked, or present solely, ino the lambar region. 
Commonly the sclerosis involves also the mesial portions 
of the posterior columns, and on the other hand the 
posterior nerve-roots and cells mi the posterior cornu 
(lightning puing and anasthesia). It may extend even 
to the lateral columns, causing paralysis. The process 
slowly extends up along the posterior root zone; very 
rarely it may be moet marked in the dorsal or cervical 
region, 

Idiopathic lateral sclerosis is another example, the 
lateral columns being affected as in the descending 
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degenerations soon to be described. 
always to extend to the grey iatter. 
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The sclerosis tends 
Disseminated 


sclerosis also occurs in the cord, the symptoms varying 


greatly with the spots affected. 


An annular sclerosis 


sometimes results from meningitis in caries of the 


By ne, 


The secondary degenerations of the cord are frequent 


aud important, 


Fira 14x, 





ved J. é. 


Secondary Degeneration -~ 
Section through the cervieas 
aud lower dorsal region of 
cord destroyed by a fracture 
below the mid-dorsal remion, 
The upper shows the ascend. 
Nys4 Aeteanans i the 
column of Gall and the cere 
belhar tract; the lower, the 
descending deyenerations in 


the lateral and = anterior 
eohamirs, eg, Colunn of 
(roll, parc. Posterior root 
zone, ef Cerebellar tract. 


cpt. Crossed pyramidal! tract. 
2y.8 Direct pyramidal tract. 


They are divided into descending and 


ascending—the former affect- 
inv centrifugal tracts (motor), 
the latter centripetal (some 
kind of sensory). The motor 
tract runs from the motor cor- 
tical centres through the corpus 
striatum and thalamus, down 
the crus and through the pons 
into the medulla. Here most 
of it crosses in the decussation 
to the opposite lateral column 
of the cord (crossed pyramidal 
tract, Fig. 148, ¢p.t.), but a 
varying number of fibres ron 
down along the anterior median 
fixsnre in the anterior column of 
the same side (direct pyramidal 
tract, d.p.t.). These latter pro- 
bably keep on passing to the 
opposite side through the an- 
terior commissure, and * the 
fascicult have generally dis- 
appeared in the lower dorsal 
region. The crossed tract ex- 
tends to the lower end of the 
lumbar enlargement. Removal 
of the motor cortical centres, 


on one side, will therefore cause degeneration of the 
whole motor tract springing from it; and lesions lower 
down will cause degeneration of the portion of the tract 
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below them, more or less complete according to the num- 
ber of fibres they damage. The tendency of this secondary 
lateral sclerosis to extend into the grey matter is much 
less than that of the primary, and atrophy of muscle is 
proportionately rarer. 

Ascending lesions affect the columns of Goll (lug. 14s 
cg.) and the cerebellar tract (¢. 1); the former extends the 
whole lenyth of the cord, the latter comes to the surface 
about the second or third Jumbar nerve, and runs upwards. 
In two cases (Gowers’ and Hadden’s), bands of ascend- 
ing deveneration have been seen on the surface of the 
lateral column anterior to the cerebellar tract. 

The difference between the two sets of lesions is that the 
cells which govern the niitrition of the motor fibres are 
at their upper ends (cortical cells, fourth layer ?), whilst 
those which govern the nutrition of the’sensory fibres are 
situate at their lower ends, in the grey matter of the cord 
(posterior cornu and Clarke's column £}. The sketches (Pig. 
144) were taken from a case of fractured spine a little be- 
low the mid-dorsal region, in which the patient lived seven 
months; they show the ascending and descending deyene- 
rations well. Statements‘vary as to the time at whieh 
the degeneration becomes apparent :—Bastian says 7-14 
days; Schiefferdecker found that in dogs it begun after 
14 days, was well-marked after 4-5 weeks, but no sclerosis 
was noted until the eighth week (Koss, vol. i. p. &E#). 

Knowing the extent of these tracts, it 18 easy to see 
what secondary degenerations will result from a given 
lesion. 

Grey Matter.— The great ganglion-cells of the anterior 
cornu are those which usually suffer primarily. They may 
be affected in large arem, and acutely, as in infantile para- 
lysis and the acute spinal paralysis of adults, in which 
groups of muscles or all the muscles of one or more limbs 
become paralysed ; extension may occur for a short time, 
bot ag a rule it soon ceases. Jn the general spinal para- 
lysis of Dachenne a similar lesion occurs less acutely. 
affecting as a rule the cells connected with the lower 
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limbs first, and spreading in the course of weeks or years 
to all the voluntary muscles, affecting them in groups 
avd causing rapid wasting of them. The process may 
also be chroyic, spreading slowly, not affecting large 
groups of cells, but a few at a time, so that indivi- 
dual muscles waste progressively, fibre by fibre, and para- 
lysis comes on slowly-—as In progressive muscular atrophy. 
It is, however, right to say that these lesions have not 
been found in all cases of this disease, and it is believed 
by many that the disease may have also a peripheral 
oriin, being probably allied to cases of Duchenne’s 
peeudo-hypertrophic paralysis, in which central lesions 
have but rarely been found, 

In describing sclerosis of the white columns, we have 
already mentioned that the disease often secondarily 
invalves the grey matter—e.g., in tabes dorsalis and lateral 
sclerosis. Again, it is a common mode of ending in these 
diseases for the sclerosis to extend to the medulla, and 
destroy the eclls of the all-important nuclei situate there. 
These nuclei suffer also primarily in glosso-labio-laryngeal 
paralysis. 

In conclusion, it is necessary to remind the student that 
itis hopeless to attempt the diagnosis of the seat of ner- 
vous lesions without an accurate knowledge of anatomy 
and of nerve-physiology. With regard to the cord, the 
following facts will be found useful :— 

The antero-lateral columns convey motor impulses 
from the cerebral cortex to the cells of the anterior cornu 
by means of the direct: and crossed pyramidal tracts. 
Other fibres (anterior root-zone)*are beheved to have a 
looped arrangement, connecting cells of the anterior 
cornu at different levels, and probably aiding in co-ordi- 
nation. The function of the cerebellar tract is unknown. 
Lesions of these columns offer impediments to the passage 
of cerebral impulses, and cause tremors, paresis, para- 
lysis; or, if irritant, ngidity or spasm. 

The posterior columns consist of the fasciculi of Goll or 
posterior median columns of which the function is un- 
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hnown, and of the posterior root-zone. The latter contains, 
in the lumbar region at least, afferent fibres of ordinary 
tactile sensation, and others which convey impressions of 
temperature and pressure and of muscular sense; also 
seusory fibres from the sexual organs. Lnterference with 
these columns will produce inco-ordination (from loss of 
muscular sense), diminution of sexual desire, and other 
obvious results. 

With regard to the grey matter—the cells of the 
anterior cornu are motor. Destruction of them causes 
paralysis of the muscles they supply, followed by rapid 
atrophy of the nerves and of the inuscles. The cells of 
the posterior cornu are concerned in sensation and 
especially in the transmission of painfal impressions. 
The grey matter of the cord contains also many centres— 
e.g., the oculo-pupillary in the cervical and upper dorsal 
regions ; vaso-motor centres throughout the cord; centres 
governing the peristalsis’of the alimentary tube; others 
preserving the tone of the sphincters vesica: and ani; 
others in the lumbar region superintending micturition, 
defecation, erection, ejaculation of semen, and parturition. 
All that 1s known of these centres is that they are not in 
the anterior cornu (Ross) for lesions of these cells do nut 
affect them. Ross believes that the visceral centres are in 
Clarke’s column, the cells here being bi-polar hke those of 
the sympathetic, and the tract existing only in the dorsal 
and upper lumbar regions where visceral nerves are given 

off. The head of the columus is the nucleus of the vagus, 
the chief of visceral nerves. These centres may all be 
affected by lesions. 

The posterior root conveys sensory impressions : lesions 
of it will produce anmsthesia, dysasathesia, hyperas- 
thesia, pain, &c. The anterior root conveys motor im- 
pressions : lesions of it will cause tonic or clonic spasms, 
paresis or paralysis with rapid atrophy of nerve and 
muscle beyond., 

Refiexes are of two kinds—superficial or cutaneous, 
deep or tendon-refiexes. The latter are probally stretch- 
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contractions, not true reflexes; but they occur only under 
conditions favourable to retlex action. In every reflex an 
afferent and an efferent nerve, together with a centre, are 
concerned. Tn disease reflex excitability may be increased 
or diminished. It will be increased by anything which 
lessens the resistance to the passage of the stimulus. 
Excitation of the cornual cells by strychnia has this effect, 
so, 100, has removal of cerebral influence, as by sleep or 
disease of the lateral columns. 14 will be diminished by 
obstruction to the stimulus: -- as by sclerosis of the poste- 
rior rvot-zone invading the nerve-roots or destroying the 
posterior cornual cells, or by damage to the anterior cells 
or nerve-roots; by some sedative drugs, as bromide of 
potash ; or by increased cerebral control, as by an effort of 
the will. 


CHAPTER XLIV. 
REGENERATIVE PROCESSES IN TISSUES. 


Destruction of tissne-cluments has frequently been 
degeribed in earher chapters as the result of necrotic and 
various degenerative and inflammatory processes. It 
must now be briefly stated how such losses are repaired. 
It has already been said (p. 15) that cells of one em- 
bryonic layer always produce cells of tissues orivinally 
developed from that layer; and it is apparently true also 
that true regeneration of a tissue occurs only from cells 
of that tissue—muscle from muscle, epithelium from 
epithelium. Any form of connective tissue may, however, 
give rise tc any other form—areolar tissue, bone, cartilage, 
&c. With regard to the origin of these tissues from 
leucocytes—the latter must, when we comsider their 
sources, be considered as connective-tissue corpuscles. 
The regenerative processes which may go on in adult 
mesoblastic tissues, are still imperfectly known. Their 
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reproductive energy has been supposed to be limited to 
molecular repair. But it is certain that the cells of most 
adult tissues retain the power of multiplication, though 
it may not be manifest under normal conditions. This is 
probably owing to the facts that the blood-supply they 
receive is sufficient only to maintain them in statu quo, 
and that the resistances opposing growth, such as pressure 
within the tissue, are now equal to the force with which 
they tend to multiply. 

So far ag investigation has yet gone, the nuclear 
figures, described at p. 13, have been found im each 
tissuc to form the first stage of division of cells. 

As no extensive regeneration occurs without the for- 
mation of new vessels, it may be well tirst to state what 
is known concerning their production. 


VESSELS. 


The formation of new vessels has been studied chiefly 
in the tadpole’s tail, in sections of healing wounds, and 
in teazed preparations of granulation tissue. At the end 
of the second day after the infliction of a wound, and later, 
pointed processes, which are at first solid, are seen project- 
ing from the wallsof capillaries; they iercase in lengthand 
anastomose with similar processes from other cajnilaries, 
or with processes of branched conuective-tissue corpus- 
cles. <At first very fime, the processes gradually widen 
and become hollow, and thus an anastomosing set 
of vessels is produced. At this time a few nuclei 
are secn in their walls, the result of division of the 
original cell-nuclei, but uitrate of silver does not show the 
lines of union of mdividual endothelial cells. These de- 
velop subsequently. The process corresponds with that 
observed in the embryo (with the exception that no red 
corpuscles form in the cells}, and 1s the same in the 
healing of wounds, in new growths, and in reproduction 
of lost parts. 

Two much less certain, modes of orngin of vessels are 
described. (1) In granulation tissue, Thiersch states that 
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lymph-streams issuing from the vessels form channels 
between the loosely connected cells, which ultimately 
communicate with vessels, and fill with corpuscles. 
Observations of B. Hirschfeld support this view. (2) 
Spindle-cells in granulation tissue are said so to arrange 
themselves as to form canals which communicate with 
vessels. It is probable that they are really collected 
round a bud from a vessel (Ziegler). 

As in the embryo, the new vessels may increase in gize 
with the demands made upon them, muscular and fibrous 
coats being formed by cells which apply themselves 
around the onginal tube. 

Adult vessels may increase greatly in size and thick- 
ness, as is seen in the gravid uterus and collateral 
vessels of a limb in which the main trunk has been tied; 
such vessels generally become tortuous as well as wider. 
Increased flow through the vasa vasurum is always 
present. 


COMMON CONNECTIVE TISSUE. 


This is the most frequent seat of new formation of all 
kinds—hypertrophy, tumour formation, and regeneration. 
With regard to the latter, it seems that loss of substance 
is made up for from two sources :—the fixed connective- 
tissue corpuscles and wandering leucocytes. Formerly 
all new cells in the tissues were regarded as products 
of connective-tissue corpuscles. Then it was thought 
that adult) connective-tissue corpuscles were incapable 
of growth, and that almost all new fibrous tissue was of 
inflammatory origin. and hence many pathologists regard 
all scleroscs as intlammatory. Now the happy mean 
seems to have been reached, and it is held that both 
connective-tissue corpuscles and leucocytes may form 
fibrous tissue. The difficulty in estimating the part 
played by each is extreme; but Senftleben’s experiments 
(p. 267) on the cornea prove the regenerative power of 
connective-tissue cells, and Ziegler’s experiments with 
glass chambers (p. 276) seém to demonstrate with equal 
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clearness the development of white blood-corpuscles. 
Some authors are inclined to think that scar-tissue of 
inflammatory origin is only temporary, being slowly 
replaced by tissue resulting from the regenerative pro- 
cesses going on in the neighbourimy connective-tissue cells. 
The denser kind of connective tissue results as a rule from 
inflammation. 


HEALING OF WOUNDS. 


The union of most wounds and the repair of losses of 
substance are effeated by the formation of more or less 
scar-tissue—ie, by the development of uew vessels and 
new connective tissue. Several modes of healing are 
described, but they are fundamentally the same, They 
are-—(1) Immediate unien; (2) Umton by first intention ; 
(>) Healing by second intention or by vranulation; (4) 
Hicalng under a scab; (5) Union of two granulating 
surfaces. 

Immediate Upion.— Described by Macartney in 1838, 
the vccurrence of the process hus been confirmed by Paget 
and Thierseh, who states that it occurred in wounds 
inflicted on the tongues of auimals. The union is said to 
be effected by a blending of the practically unchanged 
surfaces of the wound, no lymph intervening as a bond. 
It {s complete in twenty-four hours, and no scar results, 
Most pathologists deny that such a process ever occurs, 
They believe that lymph, possibly only tn micro8copie quan- 
tity, invariably forms the first bond of union. With them 
the next form is the speediext mode of healing possible. 

Union by First Intention,— [his generally occurs in 
well-treated incised wounds. It is prevented if the 
surfaces are not accurately brought tovether, being left 
gaping superficially or separated in their deeper parts by 
forcign bodies, blood or thuid exudation in any quantity ; 
by movement of the surfaces on each other; by sloughing 
of the surfaves; or by irritation of any kind which excites 
inflammation going beyond the fibrinous stage. When 
these conditions are avoided by careful arrest of 
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‘rhage, cleansing, drainage, apposition, provision for rest, 
and prevention of septic and infective inflammations, the 
following changes take place :-—The capillaries become 
thrombosed up to the nearest collateral; in tied. or 
torsioned vessels the changes described at p. 284 set in. 
The injury inflicted by fhe knife was severe but strictly 
localised, and of very short duration. Jt excites free 
exudation of tHuid aud corpuscles. At first there are many 
red corpuscles in the discharge, but they rapidly diminish, 
and the fluid becomes clear and deep yellow. The dis- 
charge escapes between the edges of the wound if it is amall 
in quantity, or through channels purposely left if large. 
The fibrin contained in the exudation coagulates on the 
opposed surfaces binding them together; it contains 
more or fewer leucocytes. It is this lymph, which forms 
the glaze on wounds left open. The exudation diminishes 
greatly as the effect of the imjury is recovered from. 
Microscopic examination, after 24--36 hours, shows the 
edges of the wound separated by a narrgw band of small 
round cells; the tissues close to the incision are swollen 
and hazy, and more or less infiltrated with leucocytes. New 
vessels develop after the second day, and shoot across 
from side to side, converting the lymph into granulation 
tissue (p. 270). This then yoes on to the development of 
a scar (p. 277). The number of leucocytes about the 
wound vanes with the amount and duration of the 
irritation; in some cases itas quite dificult to make out 
what holds the edges together. Thus in a herniotowy 
wound examined on the fourth day, the line of incision was 
recognised almost soluly by the fact that the fat on one 
side was adherent to the deeper layer of the cutis on the 
other; the two scemed to be in actual contact, and there 
was hardly any round-celled infiltration. The part taken 
by the tissue-elements in scar-formation is not yet 
determined. The older a scar is the more closely does it 
resemble the normal tissue. 

Union by Granulation._When a wound cgnnot be 
brought together, or when union by first intention 18 
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prevented, this form will occur. Until union takes place 
a raw surface is necessarily exposed to some irritation. 
This, some think, keeps up aconstant exudation of fluid 
and leucocytes from the pew vessels, just as the original 
Injury excited such exudation from the vessels of the 
normal tissue. The leucocytes imbedded in a little inter- 
cellular substance beeome vascularised into granulation 
tissue. Others say that after the primary severe irrita- 
tion has «subsided, granulation tissue is produced by 
multiplication of the neighbouring connective-tissue 
corpuscles. However formed, the tissue increases in 
amount, either by continued infiltration with leucocytes or 
‘by multiplication of its own cells. or by both processes, 
until the wound is filled upto the level of the surface, 
when the grannlations skin over, as deseribed on p. 28-4. 
A granulating wound under ordinary dressings suppurates 
more or less freely, but one treated antiseptically and 
protected from irritation by the antiseptic employed, 
discharges a serous fluid. A section through granulation 
tissue shows on the surface a laver of small round cells 
with bi- or tri-partite nuclei, imbedded in a substance 
which is actually fluid superticially—this layeris breaking 
down into pus Deeper ure found fibro-blaste (p. 276), and 
deeper still, sear-tissue in all staves of formation. The 
thickness of the surface-layer, and the amount of pus 
formed, vary with the irritation to which the tissue is 
subjected. Tn some cases destruction equals or exceeds 
growth of granulations. Here again, therefore, treatment 
should be directed to the avoidance of all unnecessary 
irritation. = * . 
Healing under a Scab.-—In this form the extidation is 
small in amount, and drics intog scab. It is not common 
in man except in superficial abrasions. Fourmation of 
granulation- and scar-tixsue occur beneath it, as also does 
the inward growth of epithehum. When “ skiuning over” 
is complete, The scab drops off. The dry scab is but 
slightly irritant in itself, and it does not putrefy. When 
ulceration spreads bencath a scab, some infective agency 
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is probably the cause. The process of scab-formation is 
sometimes imitated by closing wounds, often leading to 
cavities, with collodion ; or allowing blood or tincture of 
benzoin on lint to dry and ocelude the opening. Such 
treatment is, however, dangerous; for if septic or in- 
fective organisms have entered and excite inflammation, 
the absence of dramayve will be most prejudicial. 

Union of Pwo Granulating Surfaces.—\When two 
surfaces have granulated as above deseribed, they may be 
brought together; and frequently the two surfaces will 
blend, thus saving the time which would be required for 
filling up from the bottom. lree suppuration aud im- 
perfect drainage will prevent such union, This is the way 
in which abscesses should heal when their walls are 
allowed to fall together by evacuation of the pus. 


AIMPOSE TISSUE. 


This is merely connective tissue, of which the cells are 
infiltrated with fat. Newly formed connective-tissue cells 
may certainly thus become infiltrated; but inflammatory 
tissuc as a rule remains free from fat. 


CARTILAGE, 


A wound or breach in cartilage is generally repaired in 
the first instance by scar-tissue, which may be replaced 
later hy hyaline cartilaze formed from the perichone 
drium and by proliferation of neighbouring cartilage- 
cells, the matrix being formed, according to Strasser, 
from the protoplasm of the cells. Often this replacement 
by cartilage does not occur. In cases of fractured mb- 
cartilage the fibrous t&sue may ossify into a clasp of 
bone round the broken ends. 


BONE, 


The regenerative power of bone is considerable, and 
depends chiefly upon the periosteum, to a less extent 
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* 


upon the marrow. The process is best illustrated by the 
répair of a simple fracture. 

During the first twenty-four hours an examination 
shows the broken ends of the bone lying in a collection of 
blood coagulated where it is in contact with the tissues, 
but fluid round the fracture. The bone ends are sharp 
and jagged, the periosteum more or less tern and stripped 
off, the medulla more or less deeply ecchymosed. The 
injury to the vessels of the part excites exudation of fluid 
and of cells; the latter infiltrate the torn tissues, so that 
in three or four days they are found to have lost their 
characteristic appearance, being soft, pink, and gela- 
tinous, as is best seen in the medulla. In faet, they are 
granulating, and the granulation tissue iereases in 
amount until the blood around the fracture las disap- 
peared, and the ends of the bones are embedded im a 
mass of soft tissue. Not only do the periosteum and 
medulla give rise to this, but also other tnjured soft parts. 
Fron the third or fourth day certain large angular cells are 
seen close to the bone, which play the part of osteoblasts. 
Here, as elsewhere, the source of the cells of the grannia- 
tion tissue, after the effect of the primary injury has 
subsided, is disputed; some referring their origin to 
leucocytes, others to the cells of the medulla and ptri- 
osteum, This suft tissue is found im plenty about the 
tenth day, when 11 18 difficult to distinguish the perios- 
teum, which is swollen and infiltrated with cells like other 
parts. Now, the granulation tissue becumes firmer, and 
at about the fourteenth day the periosteum can again be 
seen covering a spindle-shaped swelling, which extends 
beneath it for some distance up and down the bone. As 
Billroth says, the ends of the bone are stuck into this 
spindle-shaped mags as ifit were soft sealing-wax, there 
is a ring outaide and a plu inthe medulla. Thus uniting 
tissue is called the provisional callus. In animals it ts 
generally céffiverted into cartilage, but in man direct 
ossification usually begins in the third week. In man, 
however, when tolerable rest cannot be maintained, as in 
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fractured ribs and many fractures in children, cartilage 
may bedeveloped. On the other hand, where the most 
perfect rést is obtained, as in fissures of the skull, little 
or no provisional callus is formed; it is always in greater 
quantity where the bone is thickly covered by soft parts, 
and rarely forms a complete ring in man. It is strongly 
developed in any angle or pap. 

Ossification of the provisional callus begins in the 
angle between the periosteum and the bone, and extends 
thence beneath the periosteum and along the surface of 
the bone. The plug in the medulla ossifies a little later. 
At first the bone is soft and open in stracture, pnd easily 
picked off the shaft. Its cunals are more or less vertical 
to the surface of the shaft, and continuous with abnor- 
mally wide Waversian spacey in the latter. Ossitication 
begins round the vessels passing from the callus ta the 
bone, the coils most distant from each assuming the shape 
of osteo-Dlasts, and becoming surrounded by or converted 
into bone. Osteoblasts inside cach ring now lay down 
laminas of bone until Haversian systems are formed. 
The callus is now intimately united with the original 
bone, and holds the ends firmly together. The medullary 
caygl is blocked by bone, und osseous buttresses fill ap 
anus. This complete ossitication of the provisional 
callus is finished in man between the fourth and eighth 
weeks, accordiug to the size of the bone. 

So far the bony tissue has not -been mentioned. The 
next step is to unite the two ends directly by what 1s 
termed permanent or definitive callus. ‘This is said to 
begin to form when the provisional callus has fixed the 
ends of the bones; but preparation for this union begins 
much earlier. The ends of the bones are ‘to be softened 
into a tissue which can bridge over the gap, blend the 
two fragments into one, and finally ossify. A rarefying 
ostitis begins probably immediately after the injury, and 
resuits in a round-celled yrowth, which slowly eats away 
the walls of and enlurges the Haversian canals. Naturally 
this is a much slower process than similar infiltration of 
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the soft parts. So long asfhhie bones are moving on each 
other, the granulations would have little chance of blend- 
ing across the gap; butso suon as the fragments are tixed 
this union occurs, and ossification, rnnning on to sclero- 
sis, follows, It is probably not complete before the 
fourth month. 

The final process in the union of a simple fracture is 
the rounding off of all prominences, and the absorption 
of alk unnecessary provisioual callus. The completion of 
this may oveupy years; but, ultimately, in an accurately 
set fracture, the medullary canal may be opened up and 
most of the thichening around the shaft removed. Cene- 
rally the seat of fracture remains evident, but Bullroth 
says that in some cases it cannot be recognised (10th 
edition, p. ZAK. The analogy between the repair of bone 
and the repair of ordinary connective tissue, as described 
under healing of wounds, scarcely needs poimting out; 
ossification of the scar-tissue is the main diference. 

Union of compound fractures is effeeted by the oxsifica- 
tion of grannlation tissue, either directhy or after ibe 
conversivn into fibrous tissue. But suppuration, indicat- 
ing more or less destruction of thé new tissue, and often 
necrosis of solt and hard tissues, greatly delay the pro- 
ceas, Even where compound fractures become simple 
from the first by union of the wound they are often much 
longer in healing. ; 


A wound in a muscle as a rule gapes widely and heals 
by granulation. In some parts, as the tongue, retraction 
is prevented and union by first intention occurs readily. 
The protoplasm escapes through the opened sarcolemma, 
and leucocytes penetrate for some distance between the 
fibres. Ordinary secar-tissue develops from the granula- 
tion tissue and unites the ends of the muscle. New cells 
are now prodWted by the muscle-cells on each side of the 
scar, and they invade and may evertually replace the 
cicatricial tissue. Skraske says that new muscle-cells are 
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produced by multiplication of@he nuclei of the old. Each 
nucleus becomes surrounded by a spindle-shaped mass of 
protuplasm and divides to form muscle-fibres. In some 
cases no regeneration is evident. 

Regeneration occurs more frequently to repair losses 
from degeneration, such as that which occurs in acute 
febrilo diseases, especially typhoid. The new cells are 
believed to spring from small elements lying between the 
original muscle-fibres, or by splitting of the old cells from 
end to end. 

Involuntary muscle-cells multiply also by division. 


NERVE-CELLS AND NERVES, 


Nothing is known of a regenerative process among 
ganglion-cells, and many think that none occurs in adult 
life. An ordinary scar is all that is known to replace 
destroyed ganglionic-tissue. 

When a nerve is cut across union takes place readily 
by sear-tissue if the ends are brought together; and, as a 
rule, function is restored in the course of time, even when 
aconsiderable piece (im some cases nearly two inches) has 
been excised. 

After division mvelin escapes up to the nearest nodes 
of Ranvier, and blood is extravasated between the fibres 
and in the sheath, Ther? leucocytes infiltrate the ends 
for a short distance, rendering them bulbous; the soft 
parts are similarly infiltrated, and a mass of granulation 
tissue soon unites the ends. Later this develops into 
ordinary scar-tissue. 

Beyond the degeneration of a few fibrils, no other imme- 
diate chanye oecurs in the centralend. In the peripheral 
end changes may be noted after twenty-four hours ; 
they lead to destruction of the nerve. The following 
account is iaken from Kanvier (‘‘ Lecons,” &c., 1878), as 
quoted in Quain’s ‘“ Anatomy:”’—In ‘warm-blooded 
animals, after twenty-four hours, the nuclei in the 
primitive sheaths are found enlarged, and the sheath is 
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everywhere visible; then protoplasm accumulates round 
the nuclei, at the nodes and other points, replacing tho 
medullary substance. On the third or fourth day these 
protoplasmic masses are so large as to interrupt com- 
pletely the sheuth of Schwann at many points. At the 
game time the nuclei are seen to have multiphed once or 
twice. <A little later, and almost all myelin has dis- 
appeared, the axis-cylinders are broken into short sey. 
ments which may finally go, and nothing remains of the 
peripheral end of the nerve but the primitive sheaths, 
full of clear granular protoplasm, in which nuclei are 
abnormally frequent. Some drops of myelin persist. 
A few fibres do not undergo deyeneration. They are 
thought to have sprung from other undivided nerves 
lower down, and to be taking a recurrent course in the 
divided trunk. These fibres degenerate in the central 
end. ‘These changes are said to begin in the imuscle- 
plates in motor nerves; but they oceur practically at the 
same time throughout the peripheral ends. The are 
generally complete in fourteen days. 

No regenerative changes occur for four or five weeks. 
Then it is found that the axis-cylinders of the central 
end are dividing into two bundles (which ayain divide 
several times) or Into several, and that these small new 
axis-cylinders are finding their way through the scar- 
tissue into and between the old primitive sheaths. 
Growth of the axis-cylinders always begins from a node 
next above or close to the section. A cross-section of the 
peripheral end at abont the eighth week shows small 
medullated and non-medullated nerves, among the old 
primitive sheaths, full of protoplasm. The course of 
these new fibres is very irregular, especially through the 
‘gear, where they may even loop back. At first non- 
medullated, they acquire, later, sheaths of Schwann} with 
nodes of Ranvier, which are at first placed at short in- 
tervals, as ke’ young nerves. In the scar, primitive 
sheaths even are at first wanting; but they ultimately 
form from the surrounding connective tissue. 
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Some months pass before function is restored, a shorter 
time being required iu sensory than in motor nerves, and 
it is supposed that during this time the axis-cylinders 
are slowly finding their way along the nerve. The num- 
ber of axis-cylinders produced m this process is much 
greater than that of the nerves destroyed. It seems 
probable, therefore, that many atrophy; but their further 
history is not. known. 

Cases occur in which restordtion of sensation takes 
place within a few days of the division of a nerve. It has 
been supposed that “ immediate’ union of the ends took 
place, but thisis unhkely. ‘The explanation is probably 
that communicating nerves take on the function of the 
divided one. 


EPITHELIUM, 


Kpitheliuin is always derived from pre-existing epithe- 
lium; by simple division of the cells. This is shown by 
the fact, that it always spreads in trom the edge of an 
ulcer, Unless islets of the rete have been left undestroyed 
in the midst of the granulation tissue. . 

The epithelium of the skin and mucous membranes, 
and probably also of all glands, is being destroyed and 
replaced thoughout life—sometimes very rapidly, as in 
catarrhs of mucous membranes. 

Hpitheliam is the tissue which better than any other 
bears transplanting. Use is made of this in the operation 
of grafting, in which small bits of the superficial part of 
the rete are placed upon a healthily granulating surface. 
They are nourished by the exudation at first, grow and 
adhere, forming ceutres, whence epithelium spreads over 
the surface. The cells of the root-sheath of hairs answer 
the purpose well. Granulation tissue may be skinned 
over in this way; but unless it forms scar-tissue, the 
cicatrix breaks down readily. Ordinaril§; contraction 
precedes the skinning over. 

Regeneration of nails aud hair is frequent. 


CHAPTER ALV. 
SEPMC.EMIA AND PYJEMIA. 


Tie diseases known as Septicwmia and Pyaya result 
from the absorption and dissemination of substances de- 
rived usually from the septic discharge of some wound 
oraucute iuilammation, ‘The two discusses are frequently 
assoulated, 

By “ Septiewmia™ is now generally understood those 
fortus of septic disease which wre unaccompanied by the 
development of secondary iilamimations.  Pyacmia,’” on 
the other hand, nu longer means discase due to the absorp 
tion of pus ite the blood, but includes cases of peptic diseane 
characterised by the presence of secondary or metastatic 
suppuratious. ‘These two maladies are the chief clersents 
In the excessive mortality im darge general hospitals, and 
nothing ts more clearly cstublished than that overcrowd- 
lnwzof patients with septic wounds is indirectly their chief 
cause. By this proce-» the diseases may speedily be 
cenerated anywhere, In almost all cases of both diseases 
there exists a wound to which unpurified air has gained 
access, or Which suay have been imoculated directly from 
@ siinilar cise. 

The pathology of these diseases has been worked at by 
many observers, but the results obtained were too un- 
certain and tov often contradictory to be of much value 
until the appearance of RK. Koch’s small book on Trau- 
mutic Infectave Diseases (translated by Cheyne, New 
Sydenham Society) in 1875. In this work Koch made 
known methods of research which were vastly more cer- 
tain than any which preceded them, and which have since 
been improved upon. His account of the results which 
were attained by these methods, and the admirable Re- 
port on the Nature and Causes of Pywinla, Septicwmia, 
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and Purulent Infection, presented to the Pathological 
Society in 1879 by a special Committee,” will be freely 
utilised in the present chapter. 


SEPTIC AMIA., 


Koch injected five minims of blood or meat-infusion, in 
an carly stage of putrefaction, under the skin of a house- 
mouse; the animal at once became restless and ceased 
eating; its movements soon became weak and uncertain, 
respiration irregular and slow, and death occurred in 
4~-8 hours, or even earlier, the time of its occurrence 
rarying with the size of the dose. No pathological 
change was found in the body, and blood inoculated on 
healthy ammals produced no effect. The discase was not 
infective. We have here a disease due to the absorption 
into the blood of putrid material, not characterised by 
secondary inflammation ; it ix thereforea septicamia. It 
seems to be due to the presence of a chemical poison in 
greater or Jess quantity in the blood, and is comparable 
to the result of the injection of a poisonous alkaloid. 
This would exercise its specific action upon the organism, 
and would, of course, not multiply in the body; the 
original dose being diluted by the blood-mass, a few drops 
of the latter nyected ito a healthy animal would have no 
effect. This form of septicamia is culled Septic Intoxt- 
cation. From au extensive series of experiments Sander- 
son gives the following as its symptoms :—Restleusness, 
muscular twitching, and increasing weakness til the 
animal falls; vomiting and profuse diarrhoea, the faeces 
bemg at first loose, whitish grey, but later bloody; the 
temperature rises some degrees at first, often falling below 
normal before death; respiration and heart-action gradu- 
ally fail, and death is sometimes preceded by cramps. 
The corresponding post-mortem appearances are :—blood 
dark, feebly clotted; petechias beneath ps-1- and endo 
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cardium and pleura ; intense stainihg of the endocardium 
and lining membranes of the great vessels, and often a 
little blood-tinged serum in the serous cavities, both soon 
after death, indicating destruction of red corpuscles even 
dunng life; intense conyestion and ecchymosis with 
shedding of the epithelium of the mucous membrane of the 
stomach and intestines; spleen swollen, soft, and pulpy ; 
liver often swollen and congested. 

As would be expected, when less poison is introduced, 
the resulting symptoms are Juss marked, and are quite 
absent when one, or at most two, drops of putrid blood 
have been injected. Afterthe use of such small quantities 
of blood mice vften reinained permanently well. But about 
a third of them sivkeneil after ubout tweuty-tour hours, the 
symptoms being characteristic and constant, and not pre- 
ceded by the above toxie effects. They were as follows + 
Dulness of the eye with increased conjunctival secretion, 
finally glueing the lds together; the animal moved httle 
and languidly, and generally sat stil in peculiar attitude ; 
it ceased to eat, ity respirations became slower, weakness 
steadily increased, and death came ou almost imper- 
veptibly forty to sixty heurs after inoculation. — lost- 
mortem there were found :-- sight wdema, which is often 
absent, at the site of injectiou or inoculation, and con- 
siderable swelling of the spleen, other organs appearing 
norinal. 

It is sufficient in order to cause death im about fifty 
hours, and with similar symptoms. to tunch with a knife 
at the point most remote from the seat of inoculation the 
subcutaneous tissue of a mouse dead of the disease, and 
with this knife to scratch the car of a healthy animal. 

Here again we have a disease which must, according to 
our definition, be called Septicemia. But it differs from 
that form first described, in being inteasely infective. 
Only a minute quantity of poison is introduced—quite 
insufficient to produce toxic effects—and it multiplies 
enormously in the blood. Some tweuty-four hours of 
incubation pass whilst its development reaches a certain 
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stage, with its further increase the symptoms become more 
severe, This form is known as Septic Infection. 

The blood of animals which died after injectiyn of 
1-10 m of putrid blood, generally contained varying 
numbers of cocei, bacteria and bacilli; but after froce- 
lation it contained only small bacilh. hese were present 
in Jarge numbers, most white corpuscles containing one 
or many of them. Koch thinks they grow into the 
vessels about the seat of inceulation, and become 
generalised in this way; he has never seen them in 
lymphatics. They occur in all parts, and are not more 
mumerous in the swollen spleen than elsewhere, 

Koch failed to infect either rabbits or field-mice with 
this disease. The latter result setins very curious; but 
Koch points out that there are obvious differences between 
the blood of the two animals, so itis casy to imagine that 
differences may exist which render the blood of the one 
suitable, that of the other unsuitable, for the development 
of hese particular fungi. 

Under the heading Septiccwemia, we have therefore two 
diseases— septic intoxication, non-infective, dune to the 
absorption of a chemical poisun manufactured im seine 
putrefactive process external to the body; and septie 
infection, due to the entry of specific fungi into the 
blood, and to their multipheation there. The organisms 
probably act by producing poisonons substances in their 
growth, but these products are not irritant, and therefore 
no secondary inflammations arse. The fungi which 
characterise the septicemia of one animal differ from 
those which occur in that of another --e.7. bacilli in mice, 
oval cocci in rabbits. Every putrid fluid probably does not 
contain the organisms ot each of these diseases, The 
production of septic infection from putrid fluids is there- 
fore uncertain. Thus Koch notes that on two separate 
occasions he succeeded with putrid meat infusion in pro- 
ducing in rabbits the same disease, characterised by the 
same cocci. 

In Man the occurrence of analogous forms is @ prior 
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likely, and cases might be quoted in which the existence 
of pure septic inturication or septic infection was very 
probable; but the subject has not been at all fully worked 
out. Chinically, it is often impossible to diagnose between 
them, and the post-mortem signs are very similar. ‘The 
symptoms of septicwinia in man are fever, often beginning 
with a rigor, which may be repeated, especially in the infec- 
tive form ; all the symptoms of fever, including delirium, 
sometimes violent, passing on tostupororevencoma. ‘There 
are great loss of strength, rapid emaciation, dry tongue, 
and rapid, feeble pulse—the ‘'typhoid” state appears early. 
Vomiting is common, diarrhosa much less so; but cases 
do ocenr in which the symptoms and pathological changes 
of gastro-enteritis are well marked. A jaundiced tint of 
skin is not uncommon, and petechial spots may occur. 
Albuminuria is frequent. In the infective form death 
occurs quictly Ina semi-comatose stute, and after a lonper 
period than the non-infective, the characteristic ending 
of which is speedy collapse—the patient dying with some 
dyspnooa, and allthe symptoms of rapid cardiac failure. 

The red corpuscles in blood drawn during hfe run into 
clumps instead of rouleaux; and Huter states, as the 
result of observations on the palpebra-tertia of infected 
animals and on the lip of man, that in septica:mia there 
is wide-spread capillary stasis, perhaps, half the capil- 
laries in a district being full of resting bhood im severe 
cases. Frequently, too, small champs of red corpuscles 
pass across the held or stick im some vessel. 

The post-mortem signs are :—Feeble rigor mortis and 
early decomposition; the Llood inay be dark and fluid, 
but ig more often clotted as usual; there is decp staining 
soon after death of the endocardium and lining membrane 
of the great vessels, and any serous fluid in the pleurw or 
pericardium will be blood-tinged—this is owing to rapid 
disintegration of red corpuscles, which begins even during 
life; petechic’ occur beneath serous membranes, chietly 
on the back of the heart and under the pleura; hypo- 
static congestion of the lungs and congestion of the 
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abdominal viscera would be expected under the circnm- 
stances; the spleen is markedly swollen and often pulpy; 
and, lastly, the mucous membrane of the alimentary canal 
may be congested, oremuch more rarely: inflamed. 

Organisins, especially cocci, have often been found in 
various parts and organs in septicamia; they have also 
often been missed. Even when found, no characteristic 
form has been shown to be present. 

Marcus Beck calculates from the results of experiments 
on dogs, that 1-2 oz. of putrid serum or pus would be 
required to kill an adult manu by septic intoxication. This 
form can, therefore, occur only where larye cuvities exist 
and are omperfeelly draced - e.g., in bad compound frac- 
tures, wounds of joints, or pleurie, abdominal sections, 
the uterus post-partum, &c. Such cavities cannot always 
be drained; hence the necessity for alsu preventing putre- 
faction. Raw surfaces and serous membraves are well 
known to be excellent absorbing surfaces. A large quan- 
tity of poison may be taken up by them in a short tune. 
Granuating surfaces on the other hand have been shown 
by Billroth not to absorb the putrid poison. Hence septic 
intoxication will be most likely to occur before granulation 
begins, Tt may occur later if the yranulation-tissue 18 
destroyed in any way. 

Septic Infection may occur from the smallest wound, 
and there may be distinct evidence of imoculation of a 
powon, The presence of only a siall wound of evidence 
of inoculation of a septic poison, and the discovery of 
organisms in the blood during life would show that a case 
of septic disease was infective. 

Fever from three causes, apparently, may follow on an 
injury. Tf this is subeutaneous or preserved from decom- 
position the fever is called aseptic traumatic fever. This 
ig said to bedue toabsorption of the exudation which results 
from the injury. and which contains a quantity of fibrin- 
ferment, This body has been shown by Kébftr to be pyro- 
genous. It is usual for the temperature to rise to 100° F. 
or so after simple fractures and severe contusions. Next, 
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inflammation may occur at the seat of injury from 
tension and like causes, without any decomposition or 
infection of the wound; quantities of exudation are 
absorbed, and fever in proportion excited. This is simple 
inflammatory fever. Lastly, the discharges from a 
wound may putrefy, and the chemical products of putre- 
faction are absorbed, giving rise to what bas ordinarily 
been called traumatic or surgical fever. Ut is best spoken of 
a8 septic traumatic fever. [t sets in with commencing 
putrefaction on the second day, reaches its maximum 
on the third or fourth, and then falla as the worad 
granilates, Tt varies much in severity, the temperature 
being commonly 102°-10-£ J'.; and no line cun be drawn 
between it and septic iforiecation, the amount of poison 
absorbed constituting, apparently, the only difference. 
Its ovcurrence does not prevent the causes of aseptic fever 
also frum acting. 

With regard to the cause of septic intoxication—many of 
the products of putretuction are pyrogeuous. Bergmann 
succeeded in crystallizing m= fine needles from putrid 
fluids an alkaloidal body which he calls sepsica, which 
possesses in a high degree the property of exciting fever. 


Pyamia differs from septicemia in this respect, that 
in it the absorption and dissemination of the putson gives 
rise nut only to a general disease, but also cuuses the 
formation of secondary foci of inflammation-~so-called 
metastatic abscesses. “These are the distinctive patho- 
logical characteristics of the disease. [ts clinical symptoms 
are well marked, the very irregular temperature being 
most important; but it is confessedly complicated with 
more or less septic poisoning. 

Like septic infection, the disease is essentially a hospital- 
disease, an#their poisons are probably similar; some in- 
deed believe them to be the same. The svurce of infection 
is almost always some wound or inflammation, generally 
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suppurating, the discharges not being aseptic. But there 
may be no wound, as is seen in acute infective periostitis, 
infective endocarditis, and rare cases of “ spontaneous” 
pywmia in which no primary lesion can be found. In 
these cases the poison has probably entered through some 
healthy mucous membrane. As in septicemia, it pains 
access to, and is distributed by, the blood. 

Besides the secondary abscesses, the foHowing signs 
may be found post-mortem. Ags in all septic disease, rigor 
mortis is feeble and decomposition early. Emaciation 1s 
generally marked, and the skin yellow or jaundiced. 
Petechiw may be present. The wound, if there is one, 18 
sloughy, perhaps surrounded by diffuse inflammation, 
and offensive; any bone which has been divided shows 
the appearances of septic osteomyelitis. The thrombi in 
the veins leading from the focus of infection are exten- 
sive, and undergoing infective puriform softening ; the 
end of one or more thrombi perhaps projects into a large 
vein in which circulation was going on. The blood 18 
generally normal to the naked eye, but microscopically 
contains excess of leucocytes. Hypostatic congestion of 
the lungs is generally present, the spleen large and pulpy, 
and the liver and kidneys show “ vranular degeneration.” 

The secondary abscesses are of two kinds-~ those 
which tolew upon infarction, and those in which there is 
no evidence of such an antecedent change. In either 
cause, the occurrence of suppuration implies the presence 
of a strong trritant acting for some time, and it has been 
already pointed ont (p. 21) that most irritants of this 
kind are fungi. It is probable that several funyi are 
capable of exciting suppuration, and they would there- 
fore, if generalised by the blood-stream, produce the 
abscesses of pywmia. It seems possible, therefore, that 
fur example the organism which produces acute necrosis 
may not be the same as that of ordinary pywmia from 
wounds. “> 
. However this may be, in the first kind of abscess, in- 

« farction is induced by the lodgment in a terminal artery 
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of a portion of infective clot. The mode of formation and 
charidcters of the infarct and abscess hus been described on 
pp. 214 and 2435. The preparation for embolisin has been 
noted above in the account of the veins leading trom the 
focus of infection, Tnese embolic abscesses are by far 
most frequent in the lungs, next in the liver,spleen, kid- 
neys, and braim. ‘Chey may occur in any vascular part. 
They he generally upon the surface of organs, with their 
bases immediately beneath the capsule. ‘They vary in 
size between that of a chestnut and that of a split pea, 
are usually multiple, and may be very numerous. They 
are surrounded by the usual hyperwmic ring. Often 
more than one organ is affected, and these abscesses may 
occur with others of the next kind. Sometimes the lungs 
are not affected, when other organs lying beyund them 
on the blood-path are. 

The second kind of abscesses are diffuse suppurations 
in the subcutaneous and intermuscular connective tissue, 
In the joints and serous membranes. They are all tole- 
rably common, and may vecur alone or combined with 
the first variety. La these cases the irritant must be con- 
veyed to the spot by the blood and settle there, probably 
because the uidus is suitable, or perhaps sume capillary 
embolisms are the cause. 

Pyamia has never Leen produced in animals by the 
injection of blood or pus of pywmic patients.  Cocci 
and zooglwa masses are found in abundance on the 
surfaces of the focus of infection, the intensity of the 
process varying with their number, according to Birch- 
Hirschfeld. They bave been traced into the surround: 
ing tissues, and beeu seen piercing the wall of a vein, 
They have been found in the nearest lymph-glands, in ull 
metastatic abscesses, and in many organs. They he in 
capillaries or small arteries primarily, but soun pass out 
into the surrounding tissues. 

Koch injec&d 10 1 of putrid fluid, in which a portion of 
skin had macerated, intoa rabbit. No symptoms fullowed 
_fortwodays; then the animal ate less, became weaker, and 
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died 105 hours after the injection. A purulent infiltra- 
tion occupying the abduminal wall far around the point 
of injection was found; the inflammation had extended 
to the peritoneum, aud there was general fibrinons peri- 
tonitis. The spleen was much enlarged, the liver had a 
greyish mottled appearance, and showed on section grey, 
wedge-shaped patches. In the lungs were some datk-red 
patches about as large as a pea, and airless, Animals 
inoculated with the blood of this one died of precisely the 
same disease. The smaller the dose the longer the time 
before death. This is explicable only on the supposition 
that the infective purticles in the blood must reach a 
certain number in proportion to the body-weight before 
they can cause death. Microcoeci were found everywhere, 
especially ino obviously altered parts. 9 Phev adhered to 
the iuterior of vessels, often plugging them. Red cor- 
puscles adhered to the coccus colonies which seem able to 
induce coagulation; small thrombi are thus formed, 
which may be swept away as emboli, and woald prove 
infective. Perhaps something of this kind may account 
for the second kind ot abscess. ‘The resemblance of 
the whole disease to pyamia is very marked, It is 
not certain, however, that pywnia in mun is always 
infective. 


CHAPTER XLVI. 
THE VEGETABLE PARASITES. 


By Sraxuiey Boyp, ¥.B., P.R.C.S. 


Parallel] between Fermentation and Infective Dis- 
ease.—It has long been thought that the group of acute 
apecific diseages must have a very special cause. The cha- 
racteristics of this group are:—That they Stcur epidem- 
cally; that they are obviously contayious and infections; 
that each member is absolutely distinct from its fellows, 
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and runs a very typical course; and that the poison which 
gives rise to each of them multiples in a wurvel- 
lous manner—a single case of one of these introduced 
into a community may cause the death even of millions. 
Nothing could be discovered by the senses to account for 
the appearance of these diseases ; yet they were obviously 
produced by something which multiplied in the sick, 
which clung about his clothing, &c., perhaps for long 
periods, and which could be carried through the air for 
considerable distances. This “something” is called the 
“contagion” of the disease; and for many years science 
has been endeavouring to discover its nature. Tt early, 
became obvious that no gas would mect the requirements 
of the case, tor diffusion would soon put an eud to ite 
power for mischief; a fluid was not to be thought of; so 
contagion was necessarily regarded as a solid in a state 
of very fine division—purfientate. Jt has been shown 
to be insoluble in fluids in which it can live by subsidence 
(vaccine, Chauveau), and by filtration, the poison not 
passing through the filter. These facts, taken with ite 
power of multiplication, seemed to show that the con- 
tagium was some living organism; hence the origin of the 
contagium vivam or germ-theory of disease. So carly 
as Is), Henle expressed the belief that living orgauismas, 
probably of a vegetable nature, were the causes of the 
acute specifics. ‘l'wo years earlier Bassi and Audouin 
had discovered the fungous nature of the muscardine 
disease in silkworms; and in 1836, Schwann and Cag- 
niard de Latour had independently discovered that yeast, 
the apparent cause of alcoholic fermentation, consisted of 
cells, multiplying by budding, and apparently of vege- 
table nature. They surmised that the decomposition of 
the sugar into alcvhol, carbonic acid, &c., was connected 
with the growth of tins plant. 

Long before thisit had been noticed that a close parallel 
might be dfiwn between an infective disease and a fer- 
mentation. It may be presented thus :— 
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Infection . . . . . . Addition of ferment. 

eriod during which nothing 
is noticed. 

Fever, outbreak, and{ Rise of temperature, and 
course of disease... ? active fermentation. 

Decline of disease 2...) Gradual cessation, 

Period of protection from § Addition of more ferment 
same disease . . 2.) .¢ has no effect. 


Incubation. . . . . 


It may be further noted that, except in cases in which 
yeast was added to the saccharine hqnid, the source of 
the ferment in cases of aleoholic fermentation was as 
mysterious as was the source of the poison which gave 
rise toan epidenie of whooping cough, 

. Etiology of Fermentation.—The above parallel was 
generally recognised ; and the cause of fermentation being 
much more open to experiment than the cause of infectious 
disease, was taken up by many workers. Many kinds of 
fermentation were speedily recoznised— lactic, butyric, 
viscous, &.; and the close relation of putretaction to these 
processes was soon acknowledged. In each cne of these 
organisms were found, and their relation to the processes 
has been the moot pomt between the upholders of the 
vital or germ theory of fermentation, and the supporters 
of the physical theory. The alcoholic fermentation has 
been used as the type of all. 

The Germ Theory, started] by Astier, Schwann, and 
Cagniard de Latour, and perfected by Pasteur, is adopted 
by the great majority of scientific men at the present day. 
According to this view, the Saccharomyces cerevisw, 
(yeast plant) is the cause of the alcoholic fermentation. 
Ita food is sugar, together with mitroyzen and some in- 
organic materials, which must also be provided ; the pro- 
ducts of its life-action are alcohol, carbonic acid, glycerine, 
and succinic acid. 1t is supposed that the food-stuffs pass 
into the cells, which take what they require for their own 
growth and repair, and throw back into “the fluid the 
products of their action. Thus a yeast-cell forms the 
above-mentioned substances just as a hepatic cell forms 
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the constituents of bile. There is no reason whatever 
for classing the ferthentations as distinct from the 
chemical changes effected by cells in general. The division 
was made before their nature was understood, when the 
insignificance of the cause and the greatness of the re- 
sult were the stoking features, and when the causal 
relationship between the growth of living organisms 
(or the presence of a substanee derived from them —- 
enfurmed ferment) and the chemteal changes had not 
been proved. ‘ 

The Physical Theory, started by Wilhs in 1659, and 
perfeeted by Lielng, atirms that fermentation ix a 
“molecular motion” transmitted to unstable organic 
compounds (fermentable substance) by  albumioid 
particles (ferment) which are themselves the seat. of 
“motor decay” (t., are undergumyg decompusition).» The 
molecular motion uf these particles may dattiatesn a large 
amount of a more stable substance vhanges similar to 
those of which they are themselves the seat. Auy portion 
of the substance to which this maleeulir motion has been 
communicated is capable of trausmitting it to other 
sultuble material, and thus the fermeut secues tu multiply. 
The terment communicates its vibrations to the particles 
with which it comes inte contact, and these ayain to pur- 
ticles next beyond, more slowly bhutan the same way asa 
spark causes the decompositign of a tram of gunpowder. 
Bastian says that there ix no proof of multipheation 
other thau occurs in & suthciently strony solution of seule 
phate of sodium when a crystal of the same salt ia thrown 
in. Gerhardt thus illustrates Lichig's views :—bvery 
substance which decomposes or enters into combination 
is in a state of movetnent (molecular). Various forms of 
mechanical agitation provoke this movemeut (¢.7., de- 
composition of chiorvug acid, chloride of nitrogen, fulmi- 
nating silver); therefore chemical decomposition, in which 
the agitation Ty more complete, should produce such effects 
more strongly. Itix known that platinnin remaina stable 
in nitric acid, but if silver also (which dissolves in nitric 
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acid)is present the platinum is dissolved; again, pure copper 
is not dissolved by sulphuric acid unless zinc is present. 
A solution of dextrine is not acted on by yeast alone, but 
when sugar is added to the uid a great part of the dex- 
trine shares the fate of the sugar, the motion of the 
atoms of sugar having beeu transmitted to those of the 
dextrine. By analogy Liebig supposes that sugar does 
not change when quite alone, but decomposes—zi.e., fer- 
ments, when in coutact with a nitrogenous body (ferment) 
undergoing change. This view originated long before 
the constant presence of specific forms of organisms in 
every fermentmy substance was demonstrated. Before 
Liebig died, however, Pasteur had gone a great way 
towards this; and in his last paper* on the subject 
Taiebig—though still fighting against the germ theory— 
states that it is not opposed to the molecular motion 
theory which he advocated; the decomposition would still 
be due to molecular motion transmitted to the fermenting 
substance by living protoplasm instead of decaying albu- 
minoid material, As nothing is known of the force by 
which living cells effect chemical chatiyves, it is impossible 
to confirm or to deny this statement.—(Quoted from 
“ Beginnings of Life,” Bastian.) 

It is very difficult absolutely to disprove the physical 
theory. Its supporters admit the frequent presence of 
organisms in fermenting fluids, but regard them as acci- 
dents, or as spontancously generated (Bastian), for the 
same decompositions can be effected in their absence. 
Thus dilute alcohol, run over wood-shavings or charcoal 
so as to expose a large surface to air is converted into 
vinegar. But this is no evidence against the ability of 
the Mycoderma aceti also to effect the oxidation as a 
vital act; and indeed distinct differences exist between the 
two processes (Schutzenberger, page 237). 

The difference in form and mode of growth of the 
organisms characteristic of the ditterent fermentations is 


* Ann, d, Chemie u. Pharm.,, vol. cliii, p. 1, 1870. 
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accounted for by supposing #hat the conditions in each 
favour the growth of a certain organism, or the origin 
de novo of a certain fungus (Bastian). The organising 
formed in any fluid may be cultivated again and again in 
anfificial fluids and thoroughly washed with distilled 
water; the reaction characteristic of the fermentation 
whence it was taken Will still oceur if the organism be 
now inoculated upon a suitable fluid. It would seem 
then, upon the physical theory, that the “ particles in a 
state of motor decay” acthere very closely to the organism 
which is constantly present, and are able to npart their 
molecular motion to such substauees ouly as this organism 
will grow in. For if the organism dies no ferinentation 
occurs, 

The particles in a state of motor decay have never been 
demonstrated in such a manner as to avoid the suspicion 
that organisms were also present. So-called “untiseptics,” 
which are selected on account of their ability to destroy the 
lower orvanisms, invariably check the molecular motions 
of the physical ferments ; sv also does heat suthicient to 
destroy organisms. In fact, the properties of the phy- 
sical ferments are those of organisms. 

Finally, it has been shown of several fermentations that 
the thinnest membrane, the shortest column of fluid, is 
sufficient to prevent the transamussion of these supposed 
vibrations; that direct contact with the ferment, is neces- 
sary; and that sonvrous vibrations Lave nu influence upon 
fermentable substances (Dumus;. If a solution of sugar 
in a test-tube is divided into two parts by a plug of 
cotton-wool and yeast is introduced into the upper,*this 
only ferments, though fluid continuity in uninterrupted.#* 

We must therefore conclude that although the physical 
theory may be thevretically possible, the evidence goes to 
show that the vital theory 1s practically true ; and that all 
the proccescs generally known ax fermentutions and putre- 
faction are diffe ty the activa of vegetable organisms. 


* Hoffmann, Anu. d, Chum, u. Pharm, cxv. p. 223, 
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How do these organisms actt The four following 
views ure held :-— 

(1) Like all living cells they require certain materials 
for the repair of their substance and for growth. They take 
into their substance the organic and inorganic compounds 
which are necessarily present in any hyuid in which they 
will grow, and they throw back into the fluid the products 
of their action upon these compounds. 

(2.) Pasteur has stated that fermentation in yenera] is 
a consequence of the ‘life of ferments without oxyyen. 
They require oxygen so much, that they take it from the 
organic substances, and thus split them up. But, holding 
this view, it is not clear how Pasteur can at the same tine 
say that oxygen is harmful to the butyric ferment. 

(3.) Certain, and perhaps allof them produce unformed 
ferments—so called in opposition to the cells themselves, 
which are the “formed” or “organised” ferments. The 
chief characteristics of these bodies are :-—that they seem 
to act by mere coutact (‘catalytically’), not taking any 
part in the decompositions to which they give rise; that 
they act in extremely small quantity; do not multiply, but, 
nevertheless, transform many times their weight of the 
fermentable substance ; that they are soluble, and are 
always derived from hving cells; that, like cells, they 
act best at a certain temperature, their action being 
arrested at a low or high temperature. They have not 
been isolated in sufficient quantity for accurate analysis. 
Ptyalin, pepsin, trypsin are well-known examples from 
the human body; emulsin (bitter almond) and diastase 
(barley) from the vegetable kingdom. Jt is certain that 
some bacteria (ey, putrefactive) form amylolytic and 
peptic ferments, which can be separated from, and will 
act in the absence of, the organisms. Musculus has 
ecparated from Microcoecus urew a body capable of chang- 
ing urea into ammonic carbonate. Yeast, by an unfurmed 
ferment, transforms cane-sugar mto glucose and lxvulose, 
before converting it into alcohol. &c.; but this latter 
change has never been effected in the absence of living 
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cells. Whether acting upon hydrocarbons or albuminoids, 
it ig believed that these ferments generally canse simple 
taking up of water and splittiag of the compound. Ht 
has been suygested that, their action is that ot fa carrier, 
like hwmoylobin, or like the sulphuric acid an the munufae- 
ture of ether from alcohol. 

£. Navelt has adopted Lichig’s view toa certain extent— 
the life and vrowth of cells is necessary to fermentation, 
the chenucal changes being always dae to the tragsms- 
sion of the molecular motions of Fredy protoplasm to the 
unstable compounds around it. 

Products of Fermentation. —[t is oumpossible to say 
much in a general way of the products of fermentative 
processes, for they are as various as are the processes 
themselves and the orpanistas whieh are believed to give 
rise to them. They ure formed by processes of oxidation 
and deosidation, of hydration, and of sample splettimge upre 
The same food will, under the action of different orpan- 
isms, be converted into very diflereut substances. Thus, 
supyar Undergoes vineus, lactic amd daatyrie, mucous waned 
Inanuitic fermentations. Other products than those from 
which the process takes its name are always formed. Caisex 
ure somnetimies evolved, samietiines Got. Daoainy proeesscs 
bodies are formed which hinder the development of the 
organisms Which produce them > thus, the aleoholic fer-- 
mentation is checked hy accwmmlation of aleghol, and 
putrefaction by the developanent of bodies like carbohe 
acid and cressul. 


If the analogy, pointed ont on p. £75, between infective 
diseases and fermentation were certainly true, we might 
at once infer that the former are cansed by the growth 
and life-action of vegetable organisms in the tissues of the 
body. But no one could accept the conclusion on the evi- 
dence of so su€rficiala resemblance. The same stringent 
proofs must be afforded in the case of each discase ax were 
demanded in the case of each fermentation. How far these 

If 
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proofs are forthcoming will be shown in the concluding 
part of the present chapter. Many low forms of vegetable 
life have been found in connection with diseases in man ; 
and we shall now state what is known of their botanical 
position and life-history. 


NATURAL HISTORY OF TITE VEGETABLE PARASITES. 


The vegetable organisms, which have been found con- 
nected with the diseases of man, are all Thallophytes, or 
plants in which no distinction between stem and leaf exists ; 
and, as they are all destitute of chlorophyll, they belong 
to the class of Pungi—ieof Algw. The pathological fungi 
are of three kinds—Bacteria or Schizo-mycetes, Yeasts 
or Blasto-mycetes, 11:1 Moulds or Hypho-mycetes. ‘The 
bacteria, besides causing putrefaction and several of the 
“ fermentations,” include almost all the organisms which 
are beheved to produce the intective diseases. They are, 
therefore, by far the most important group. 

The Schizo-mycetes are a-chlorophyllous, uni-cellular 
organisms, many of which approach the limits of micro- 
scopic visibility, whilst all are very small. They refract 
light strongly, and cause turbidity of any culture-fluid in 
which they may be. They consist of a peculiar form of 
protoplasm, ayeoprotein (v. Nencki), and appear struc- 
tureless ; but itis very probable, from their great resistance 
to alkalies and dilute acids, that they possess a cell- 
membrane of a substance allied to cellulose. In form 
they vary much, being round, oval, dumb-bell-shaped, 
rod-shaped— straight, wavy, or corkacrew-like. They are 
never branched. They multiply by transverse division, 
which occurs in the rod-forms at right angles only to the 
long axis, but which, in the round, may take place in two 
directions at night anyles to each other (Sarcina). In a 
certain number of bacilli spore-fourmation, alternating 
with fissiun, has been observed, sometime¥ preceded by 
growth of the rods into long filaments (kptuthric), some- 
times not. The new cells formed by fission may at once 
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separate fromtheparent; or they may remain united to each 
other end to end. forming chains, or lying side by side in 
more or less spherical colonies, hound together by a viscid 
intercellular substance—zooglesa—formed of swollen 
eell-membrane (Cohn) or of myeoprotein (v. Nencki). 
The time occupied in division has been variously given at 
from ten to thirty minutes; and.as the offspring proceed 
at once to divide hke their parents, a single bacterinm 
may, in twenty-four hours, give rise to a progeny which 
Cohn estimates at over ]6,000,000, 

Single round cells have no movement other than 
Brownian; but chains and colaomes of them do seem 
eapable of lecomotion (Oeston) The rod-forms have 
often a mobile and a motionless stage; but some never 
move—eg, B. anthracis, In some cases one or two 
celia have been found; in ethers the mode in whieh 
motion is produced is unknown, Often no reason ean be 
assigned fora change from motion to rest, or vice Meret. 
A goal supply of oxygen seems to be connected with active 
motion of some forms, 

CONDITIONS OF LIFE.—Food.-— Bach variety of 
fungus seems to differ more or less from all others in its 
food-requirements; but all must be supphed with the 
materials from whieh they can obtain the elements of which 
they consist. These are carbon, hydrogen, nitrogen, phos- 
phorus, sulphur, calcium, magnesium, and potassium. 
The first four are generally provided by carbohydrates 
and albuminoids; the rest by inorganic salts present in 
animal and vegetable tissnes. Certain bacteria, however, 
can assunilate nitrogen and carbon from much less com- 
plex compounds than albumen and carbohydrates, as 18 
shown by the growth of putrefactive organisms in Cohn’s 
fluid (phosphate of potash, 5; sulphate of magnesia, 1; 
phosphate of lime, ‘05; tartrate of ammonia, 1; water, 
100}; to othezs, the more complex bolies are essential. 
Thus beer-yeast will not grow unless glucose or some body 
convertible into it ig present; the Bacillus tuberenlosis 
grows best in blood-serum. It is probable that a fluid 
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could be discovered for each fungus and placed under 
such conditions that it alone would grow in it. Raulin 
has worked out the composition of such a fluid for a mould 
(Aspergillus niger), and has proved the value of each 
constituent, no matter how small in quantity, by a 
diminution in weizht of the dried plant yielded by a 
vertaim quantity of the fluid.* Whereas, in Nature. 
Ibo in frequently stifled by other organisms more suited 
than itself to the existing couditions, it here gets 
the upper hand of all. Very slight differances m the 
composition of the food-material may favour the growth 
of one organism rather than another. Nagel says 
thatin a neutral fluid containing sugar, In which were 
moulds, yeasts, and bactena, only the latter flourished 
--causing lactic fermentation; the addition of half per 
gent. tartaric acid brought the yeasts to the fore, with 
production of aleohol; and the addition of 4-4 per cent. 
tartaric acid caused the moulds to develop. The reaction 
of the fluid has a marked influence in this respect; as a 
ride acidity is unfavourable to the development of funen, 
alkalinity favourable. As showing what a very slight 
differenec nay suffice to prevent the growth of a bacterium, 
it will be remembered that. Koch was unable to moculate 
a ticld-mouse with an organisin which always produced 
fatal septicaamia in a house-monse (p £08). Some similar 
differenee would seem to exist between two men exposed 
to the poison of an acute specific, one of whom catches it, 
whilst the other does not. We must therefore bear in 
mind that a very slight, to us imperceptible, change in the 
metabolism of the body or of a part, may enable organisms 
to flourish there, though previously unable to do so. 

water.—- The presence of some water is essential to the 
development of all fungi—the moulds requiring less than 
the yeasts and bacteria. It is easy to add too much or 
too little for a given species. 

Oxygen.— Pasteur has divided fungi into Kerebious and 
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* Duciaux, “ Ferments et Maladies,” p. 48. 


THE VEGETABLE PARASITES. 485 


an-aerobious, according as they require or do not require 
free oxvgen asa life-condition, Certain fungi, as Aspergil- 
lus niger, B. anthracis, die in the absence of free oxygen, 
Others are able to hive both with and without it- at 
least for a considerable time--as Mucor racemosns (it 
mould), ordinary yeast, and Bacterium termo. Finally, 
the life-history of a few seems to be completely an- 
aérobious ; to Clostridium butyrienm (butyrie acid fer. 
ment) and Bacillus septicemie of rabbits, air is said by 
Pasteur to be not only unnecessary. but even fatal, 
Temperature. - iach organism flourishes best at a 
particular temperature. AIP will prow Tess aetively at 
temperatures above and below this pomt; but the 
range within which growth will take place may be very 
limited, as in B. tuberculosis. The general statement. 
may be made, with regard to Bactema, that reproduction 
ceases in all these organisms at O° ((., and in many at 
a much hicher point; but they do uot necessarily die. 
Though rendered rigid and motionless (rigor frlyoris), 
someare said not to be killed by the ereatest eal the spore- 
bearing B. anthracis has been exposed to -1 tr C. without 
injury. By rise of temperature, rigor caloris and death 
are induced; more easily in moist than in dry eond- 
tions, and much more easily m the adult than in the 
spore-form. Cocci and bacteria appear to be first 
affected bv rise of temperature, then bacilli, and finally 
spores. Boiling, and indeed a much lower temperature 
than 100° C., will kill many fungi; boring, continued for 
one totwo hours, will certainly destroyall non-spore- bearing 
organisms; but solutions contaming spores will not be 
sterilised by 14°C. unless it is continned many hours. 
Thus Tyndall failed to sterilise a hay-infusion by eight 
hours’ boiling. This prolonged resistance of spore-con- 
taining fluids to boiling is explained by supposing that 
fresh generatgons of adult organisms are developed after 
the boiling is over from spores able to resist 100° C., 
for a long time--a view supported by the fact that 
such fluids are sterilised by boiling for a few minutes only 
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at intervals of several hours oraday, For certain steril- 
isation, solutions should be raised to 115° C., in a chloride 
of calcium bath for at least halt an hour. 

It is found that dry spores of 2. anthracis are not 
destroyed by less than three hours’ exposure to 140° C, 
Simple drying kills some bacteria, as B. anthracis, the 
spores of which may be kept ina dry state for years. 

Rest.— Fungi flourish better in a still medium than in 
one of which the particles ure moving constantly ; whilst 
B. anthracis divides actively in the Jlood-stream, other 
kinds (micrococcus septicus) seem always to settle before 
multiplying. 

These are the essentials to the growth of the plants 
which we are considering ; but absence of growth does 
not necessarily mean death of the organism. If the eon- 
ditions are unfavourable the cells will not develop; but. 
they may not dic. By making a sufficient change in any 
one of the above conditions, the development, and conse- 
quently the action, of any given organism may be pre- 
ventod. Use is constantly made of this fact to preserve 
substances which would otherwise ferment, and to destroy 
yverms which have already gamed entrance to them. 

ANTISEPTICS AND MODES OF DISINFECTING, 
@c.— Supposing that asuitable uidus for the development 
of fungi is provided, their growth may be prevented by 
adding to the fluid in snthcient quantity any one of a 
long series of bodies known collectively as “ antiseptics,” 
because being atrongly antagonistic to cell-life, they prevent 
the development and consequent action of putrefactive 
bacteria; in other words, they keep things “sweet.” The 
group includes vegetable and mineral astringents, resins, 
essential oils, many products of tar, chloroform, chloride 
of sodium, boracic, and salicylic acids, &e. &e. They vary 
greatly in power, however, and because one of them is very 
deadly to a certain organism it by no meayg follows that 
it will be so to another. Itis always found that a smaller 
percentage of an antiseptic will prevent the development 
of organisms than will check their development once it 
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has commenced. The strength of the most dilute solution 
of an antiseptic which will prevent putrefaction is spoken 
of as its “efficient strength.’ It is very important to 
know this, for all antisepties irritate and destroy animal, 
ag well as vegetable, cells, and must of them are actively 
poisonous. The problem, therefore, is to discover for use 
in medicine those bodies whose action is certainly fatal to 
the parasites it is desired to kill, and which, at the same 
time, do the least possible injury tothe human organigm. 
The efficient strength of an antiseptic is found by adding 
It to putreseible Huids, and noting the quantity that must 
be present to prevent putrefaction. For special organisms, 
such as B. authracis, special observations must be made 
upon fluids coutsming them.  Buchholtz* gives the 
folluwing as the efficient strength of the most commonly 
employed antisepties :— 


Mereuric Chloride nlsa | Salicylate of Soda. ai, 
Thymol 2... assy |) Carbolic Acid 2. gh 
Benzoate of Soda. ooysg | Quinine... ads 
Creasote 2. 60. seu) Cuprie Sulphate. it4 
Benzoig ACE 6. oy asa Boracie Acid... gha 


| 

Saheylie Acid 2. gag | Zine Sulphate ©. y's 
j 

Eucalyptol . . - tke | Aleohol. . . . . rs 


The best antiseptics for nse in the form of gases, are 
dine and chlorine; sulphurons acid is very uncertain. 
All are most active in watery soluttoms, 

Reference may here be made to Raulin’s and Nageli's ex- 
periments, givenat p. FNf,as showing that among fungi, as 
elsewhere in the Hivinyg world, the strnggle for existence 
is going on. Two kinds do not grow equally well in the 
same liqnid; one is better adapted, or possesses greater 
power of adaptation, to the surrounding conditions than 


the other, and will, slowly perhaps, but surely outlive it. 
® 


oo 
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* Antiseptica u. Bakterion. Arch. f. Exp, Path, vol. iv. p. 1, 
1874, 
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at intervaJition of one or other species may be greatly 
isation, ¢ by experimental variation of the conditions so 
of cale}vour markedly one or the other organism. This 

It onism exists not only between fungus and fungus, 
deo probably also between invading fungi and the cells 
of the animal bedy--suyggesting an explanation of the 
wiy in which the cloud of healthy lencocytes at the 
marvin of a spreading infective inflammation ultimately 
checks its advance. 

Removal of Water.—])rying 13 a common method of 
preserving things. Tlealmg under a seab and the dress- 
ings (cotton wool, &e.) which initate this are examples of 
its use in surgery. Drving kills some fungi, but it only 
ehecks the development of others, especially spores, Sugar 
isnot an antiseptic, but acts by abstracting water when 
itis used in the treatment of Wounds, in the preservation 
of fruit, Mc. TH enough is not added to Jam, moulds grow 
init}; and af still less, the preserve ferments. 

Elevation of Temperature.— Jleat ix the most com- 
monly employed and the best agent we have for disin- 
fecting clothing. beddinu. and indeed all artigles to which 
itcan be apphed. Tf dry heat is used the temperature 
should be at least Too" Cl and kept up for three or four 
honrs, until itis certain that all parts have reached the re- 
quired temperature. och recommends a jet of steam 
super-heated to 15 Clas heing much superior to a hot 
chamber on account of its peuctrating power. It should 
play upon an article for fifteen minutes. If boiling is 
used it should be prolonged. 

Depression of Temperature.—-(Cold is often used to 
preserve articles of diet. Tee-poultices are used in surgery 
as dressings, especially after operations on the peritoneum 
and joints. Perhaps they act, in part at least, by pre- 
venting the development of organisms. Many are not 
killed by cold. os 

The most. surprising differences in resisting power are 
found between the spore and adult forms of the same 
organisa. The spores of B. anthracis are uninjured by 
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watery solutions of thymol or salicylic acid, by alcohol or 
glycerine; they are destroyed by chlorine- or bromine- 
water (2 per cent.), perchloride of mercury (1 per cent), 
permanyanate of potash (© per cent.), or, im twenty-four 
hours, by carbolie acid (> per cent.) They ure vot 
destroyed by drying; they withstand dry beat of Tia ©, 
for three hours, and are not affected by the most extreme 
cold. 

DISTRIBUTION OF BACTERIA IN NATURE.— 
Where are these nieroscopie vegetable organisms to be 
found? A putrid wound swarms with them. Whence do 
they come? 1. They may enter froin the world external 
to the body. 2. They aay exist in the healthy body, 
developing only under special cirenmstances. 3. They 
may be spontaneously generated under special eireum- 
stances from the elements of fhe tissues. 

1. Earth, air, or water may be the habitat of germs 
external to the body. 

(1) Existence of Organisms in EZarth.—J’ortions of 
mould taken from the sarface, and dropped imto a4 
sterilised cuiture-flaid infallibly infect ait. Coeci and 
bacilli are the forms which generally develop. They 
are most numerons, and bacteria appear in the neighbour. 
hool of putrefaction. All organisms are absent at a 
depth of one metre in soil which has not been recently 
disturbed, which is not formed largely of deeomposting 
material, aud into which no unusual soukaye of water 
occurs. 

Not only the earth, but all other solids in contaet. with 
alr, Including the surfaces of animals, have organisms 
deposited upon them, 

(b) Bxistence of Organisms in Air.—That dust con- 
tains much organic matter is casily shown by combustion; 
and cultivation proves that some of this is wing. It has 
thus been found that spores of moulds are the commonest 
forms, then bacilli and their spores, whilst putrefactive 
organisms are much less common. Lister notes that the 
result of exposing pure urine for half-an-hour in his etudy 
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in Edinburgh was the development of three moulds. Or- 
ganisms of some kind exist in the air everywhere except 
away from all lite—~in mountains above the line of per- 
petual snow, or on the ocean far removed from land and 
ships. Here a sterilised fluid would not ferment if left 
exposed till it dried. But with life, vegetable or animal, 
come germs; aud they increase in number as the popu- 
lation increases and as putrescible material becomes more 
plentiful. “In some parts of London even it is possible 
to pour sterilised fluids from one flask into others with 
the result that but a small percentage will become turbid 
from the pvrowth of germs; in other parts every flask 
will be infected. Precautions ayainst such infection be- 
come uecessary as density of population and impertect 
ventilation imerease; and it is ebvions that im the hos- 
pitals of large towns such measures, to be successful, 
must be most stringent, for here putrefactive organisms 
will be comparatively numerous. A large number of the 
germs in airare incapable of development (Duclaux). We 
kuow that some fungi (B. anthracis) are killed by drying, 

The air is kept supphed with organisms by currents 
which sweep them from the surfaces of objects over which 
they pass; the dust left as the tinal result of putre fictive 
processes is a fertile source of contamination. Perfectly 
still air becomes pure by subsidence of its germs. 

(c) Existence of Organisms in Water. - All water, 
except such as comes from a great depth, contams organ- 
isms. Kain-water sweeps the aur and infects the suil with 
the germs which it carries down. All surface-water 18 
infected from the ground through which it soaks ; and tvo 
often shallow wells are contaminated by sewage, ke. 
River-water is exposed to all possible sources of pollu- 
tion. It is scarcely necessary to add that unless the 
water contains sufficient organic matter to serve as food 
for the fungi, no multiplication will take ,lace, and that, 
sooner or later, the germs will die, though perhaps not 
for many weeks. Many organisms in a sample of water 
render much organic impurity probable. 
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The addition of a drop of tap-water to a cnlture-fluid 
is almost always followed by the development of bacteria 
and ordinary putrefaction. Water may therefore be re- 
garded as the speetal habitat for bacteria, and should not 
iInan unpurified state be allowed to come into contact with 
wounds. 

2. Do Organisms Exist in the Living Body ?—They 
exist In large numbers ofits external (ykin) and internal 
(bronchial and alimentary) surfaces. which are in contact 
with war. Inhaled with each breath, they are found in 
the larger bronehis but the smaller ones and alveoli are 
probably free, for Tyndall has shown that the comple- 
mental air is pore by its causing a non-luminous gap in 
an electric beam thrown across a dark room. Further 
proof les in the fact that medical empyemata communicas 
ting with the lung generally remain free from putretaction, 
whilst those from external wound of the pleura always 
putrefy, 

With food and drink many living germs are carried] into 
the alimentary canal, All kinds of fungi swarm in the 
month cocer, bacteria, bacilh, and spurla. hey grow 
fewer towards the stomach, where the acid gastric juice 
is unfavourable to their development. Protected by their 
cell-membranes, some probably pass alive throngh the 
stomach. At all events, organismns reappear in the duo- 
Geuum before the tood has become alkaline; and the 
pancreatic juice swarms with organisins after impure 
feeding. Indeed, the products of normal pancreatic 
digestion, and those of ordinary putrefaction of albuimi- 
noids are practically the same. Throughout the whole 
intestine organixms occur, and in abnormal states of 
mucevus membrane, or im too prolonged retention of intes- 
tinal contents. the fungi may mnltply and excite irritation 
by the products of their action. 

Lister has shown that a healthy nrinary tract is free 
from organisms by oLtaining pure urine directly from the 
urethra. This experiment has been widely confirmed. 

But bacteria on the skin and mucous surfaces are 
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external to the body proper—to the tissues. That organ- 
isms are found /n the tissues in many diseases, we shall 
shortly show; we have now to inquire whether they exist 
in tho healthy tissues. The channels by which they may 
enter are—a wound of the skin (for uninjured epidermis 
‘is impervious); the brorehtal and the alimentary mucous 
membranes. In the lung they are probably taken up lke 
carbon particles, carmed to lynrphatic glands, and thence, 
perhaps, into the blood. Many bacteria tuken into the 
intestine pass out with the fieees; five kinds have been 
cultivated and described as constantly present. The 
number of organisms passing through this mucous memes 
brane varies with the mumber present in the food; it 
becomes very great when animals are fed on putrid mate- 
rial. Under these circumstances, ving organisms may be 
found in the urine; as will be the case also when a large 
quantity of washed putrefactive organisins Is injected into 
the circulation (W. Roberts). Many, of course, are earned 
to tissues other than the kidney, and are found as yellowish 
masses in the capillames; they are unable to obtain food 
in the healthy system, aud die and disappear in two or 
three weeks. From the above data it is probable that, 
under ordinary circumstances, shuple orgauisins enter the 
tissues of Manon small quantity only, if at all; and that 
any Which enter soon die, and do not reach the urme alive. 
Attempts have been made, upou the following plan, to 
prove or disprove the presence of organisms in healthy 
tissues. Portions of healthy organs have been removed 
with such precautions and placed under such eonditions 
as tu prevent ther contamination from any extraneous 
source. The results have been contradictory. Mott and 
Horsley,* the latest writers on the sulyect, state that, with 
one exception out of twenty-one animuls, organisms deve- 
loped when the preparations mere iucubated at 375° C, 
They confirm previous observers by noting that coaccus- 
forms precede rod-forms; that cig of the latter 


* Journ. of Physiol, vol. iui, No. 3. 
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from the former may be traced; that rods are generally 
found in kidney, less often in musele, never in blood, 
The rapidity of development. of organisms in unineubated 
specimens increased with rise of external temperature, 
but they do not state that such development was constant. 
Using the same animals, working mm a reom in which dust 
had subsided, and cleansing apparatus by heat only, Meis- 
suer kept organs in pure water free from change fortwo or 
three years. No mention ismiade of menubation ; but it 
is fair to suppose that the spectimens reached the same 
temperature as did Mott and Horslew’s ummcabated 
series. Watson Cheyne.* however, incubated organs in 
cucumber infusion, with a vezative result. There seems 
no reason to beheve that development here was prevented 
by carbolic (the spray was used), for ima few cases 
organisms did appear, and they always developed when 
the gall-bladder was included, or when bacteria had been 
injected twenty-four bours before death. It seems im- 
possible entirely to reconcile the two sets of results, for 
the animals, their food, and the au which they breathed, 
were probably much the same The rarity with whieh any 
colleetiou of putreseible thar in the body undergoes 
putrescence, though the ineubation-temperature ig most 
suitable, seems to be strongly against the existence of 
putrefactive fungitin healthy tissues. It is certain, how- 
ever, that they may hive for some hours after entry; 50 some 
“failures to preserve portions of tissue,” attributed to want 
of care, may really have been due to the presence in them 
of living germs at the time of their removal from the body. 

If a suitable nidus be provided for the development of 
orranisina, they multiply and set up thetrr characteristic 
decomposition. Thus Chauvean performed bistiuumiage 
of a sheep's testes before and after the injection of septic 
bacteria into the blool.+ Tn the latter case, in which the 
testis contained erganisms, it broke down into a putrid 


* Trans, Path, Soe. Lond. 1879, p. O71. 
t “ Necrobiuse et Gangrone, * 
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fluid and excited much inflammation around ; in the former 
the organ underwent the fatty changes known as necrobio- 
sis. This is the invariable course, under normal conditions ; 
and it shows, apparently, that organisms are not present 
normally in the sheep's testes. Again, organisms cultivated 
from a case of osteomyelitis and ‘injected into animals, 
caused no symptoms until their bones were injured, 
then osteomyelitis developed. Mere depression of the 
vital energy of a part, or some slight alteration of its 
metabolism, may therefore be sufficient to permit the 
development of a germ which previously died in it. 

Some organisms, however, seem capable of flourishing 
in tissues which are perfectly healthy—e.y., the poisons 
of the acute specifies and B.anthracis. Even here there is 
some very obscure diffprence between individuals of the 
same species or Of closely allied species, which renders 
some of them suitable media for the development. of 
certain organisms, whilxt others are unsuitable. Thus 
some people do not appear capable of contracting the 
acute specific fevers ; children are more subject to acute 
gpecitics than adults; Algerian sheep are inimical to 
splenic fever ; young dogs are easily inoculated with the 
B. anthracis, but old ones are not. One great difficulty 
in the experimental study of the infective diseases of man 
is to find animals which are subject to them. So choice 
indeed are many of these organisms as to the nutritive 
and other conditions under which they will develop, that 
they are satisfied only in certain tissues or fluids of the 
body ; some multiply in the blood, others in lymph, some 
in bone (osteo-myebltis), others in the cerebro-spinal 
meninges (epidemic cerebro-spinal meningitis), and so 
forth. 

To sum up these long paragraphs.—Organisms innu- 
merable exist in air, water, earth. and on all objects 
exposed to air; on the skim and on those-mucous surfaces 
which are in contact with air. Experience shows that 
putrefaction after death begins in the abdomen, spread- 
ing from the alimentary canal to the organs round about 
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it. Organisms probably pass constantly through the 
pulmonary and intestinal mucous membranes, but in small 
number; and such as ordinarily thus enter the tissues 
ure unable to develop, so long as the latter are healthy. 
The life of such fungi among the tissues is short. 1t seems 
to be a very rare thing for them to reach the urine alive. 
Occasionally an organism which is net universally present, 
and which can develop in living tivsues, enters the tissues. 
The recipient of such organisins 1s in more or less danper 
of disease. The great majority of mankind afford a suit- 
able nidus for the development of some fungi; thns few 
are lmmune to the vaceine-virus. All organisms perhaps 
Hourish best in tissues of which the vitality 1s impaired ; 
some probably cannot develop unless this ix the cuse ; 
and still another group cannot multiply in living tissues at 
all. ‘lwo great divisions (chnical) of organisms are thus 
obtained :-—1. The Pathogenic, or those which can in- 
rade and multiply in living tissues, giving rise almost in- 
variably to disease. 2. ‘he Won-Pathogenic vor Simple, 
which can develop only m dead tissue, and are therefure 
found chiefly on the surface of the body, where sloughs and 
discharges are common. The most unportant of these is the 
Bacteriuin terme, the cause of putrefuction. It is a very 
rare occurrence for this fungus to tiud its way alive to 
an internal slough or putrescible effusion, as it did in 
Chanveau’s experiment, 

Spontaneous Generation.— The posmlility of organ- 
isms originating de nove from the molecules of devoinpos- 
ing tissues must be mentioned, but cannot be discussed. 
The great majority of observers are agreed that there ig 
no evidence of its oecurrence at the present day. They hold 
that, if a Huid be thoroughly sterilised, and placed under 
such conditions that no organisms can enter from without, 
no organisms will develop. 

We conclude, fhercfore, that organisms found in a 
putrid wound Rave entered it from without; aud that the 
game is true of fungi found in pathological lesions within 
the tissues, the organisms having entered by a wound or 
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mucous surface, For the present, at least, we must adhere 
to the belief that neither living organisms nor their spores 
exist normally in the tissues; and that they are never 
eliminated alive by an excretory organ or by a wound. 

This is of fundamental importance in surgery. If the 
Bacterium termo could enter a wound from the side of the 
tissues, areptic treatment would be nmpossible. As it is, 
we are sure that, if we allow no loophole for the entry of 
germs from without, our wounds will remain  swect. 
Patients ure thus saved from the danger of septic in- 
toxication, and also almost certainly from septic infection 
and pyamia; for the fungi giving rise to the latter 
diseases find in septic wound-discharyes a favourable 
nidus, whenee they readily invade the tissues, but they very 
rarcly enter the body by any other channel. Attention 
to general hygte ne is the only way at present known to 
preven invasion of the system by fungi which cause 

“medical” diseases. Once organisms have gained access 
to the tissues, it is extremely dificult to destroy them 
without also destroying the tissues, Improvement of 
the general health probably often enables the tissue- 
elements successtully to resist invasion. 

ORGANISMS IN LIVING TISSUES.—-MODES OF 
SPREADING.— EFFECTS. —- Having obtained anentry, 
pathogenic fungi may remain about the spot at which 
they entered, or they may spread by continuity of tissue 
with all degrees of rapidity, or they may pass along 
lymphatic vessels to the nearest glauds or even into the 
blood, or they may at once enter the circulation and be 
carried all over the body. B. tuberculosis, for example, 
has been seen entering vessels of all kinds; M. erysi- 
pelutis grows in the lymphatic capillaries of the skin, 
and so on. Everything depends upon the hfe-require- 
ments of the fungus, which may be satisfied only in 
lymph or in blood, ur in some particular tissue, They are 
vot uncommonly found within cells—e.g, wiite corpuscles, 
giant-cells ; and it is possible that white corpuscles destroy 
them. In the tissues they grow always along lines of least 
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resistance, ns is best seen when the cornea 18 inoculated 
with fungi; they then run along the lymph-spaces in 
which the cells he, forming a characteristic figure called 
the “ Pile-fignr.”’ 

Once in the blood-stream they are swept to any part of 
the body. ‘They can be seen in the plasmatic zones of 
veins in transparent parts. Where they will stop is 
probably decided by the relation between the mass they 
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form and the size of the vessels; they may or may not be 
able to develop where they happen to be arrested. Sume 
organisms can multiply in moving blood, but all are 
favoured by rest. When they have come to a standstill, 
the germs may remain within the vessel or pass out into 
the surrouniling tissues. Surrounded by stationary food, 
they now set up chemical changes in it, which render it 
more or less irritant to the neighbouring tissues, and 
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capable of exciting all changes from a very chronic in- 
fiammation (tuberele) up to suppuration (pysmia) or 
direct necrosis. At the same time some of the products 
ure absorbed, and often give rise to fever. These are the 
two chief modes of action; but fungi will produce sume 
effect by abstracting nourishment from their host, and, 
perhaps, also by plugging a large number of the vessels 
of some important organ—as the lung. The accompany- 
ing figure, showing the Bacillus of splenic fever in the 
vessels of a mouse’s lung, gives an idea of the extent to 
which this process may be carried. (fig. 149.) The 
specimen was kindly given by Mr. Horsley. 

SPECIFIC CLASSIFICATION OF BACTERIA. 
Authorities differ as to whether this is possible. We have 
as yet nothing like complete data for the purpose ; indeed 
it cannot be said that we know certainly the whole life- 
history of a single bacterium. All apparently multiply by 
division; iu many spore-formatino also is kuown; but 
it probably occurs in others in which it has not yet been 
seen. As reproduction affords at present no ground for 
subdivision, we must turn to morphological characteristics 
—viz., form and size, for no structurul difference can be 
made out. Are these two points sufficient to serve as the 
basis of a classification F 

Cohn maintains that there are orders characterised by 
distmct forma, which they adhere to throughout their 
whole life. Some are spherical, others rod-shaped, others 
twisted like a screw. Specific differences are established 
by minor differences in form, such as rounded or sharply 
truncated ends of rods, variations in yize and in mode of 
growth, and by the discovery of the physivlogical action 
of the organism, each one having some special feature in 
this respect. Thus two spherical bacteria of the same 
size may be distinguished by a totally different physio- 
logical action; and this will necessitgte their being 
classed as distinct species. As an analogy Cohn points 
to the close naked eye and microscopic resemblance be- 
tween the sweet and bitter almond, the physiological 
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actions of which are so very different; and Virehow, in 
the same sense, alludes tgathe impossibility of distinguish- 
ing between the cells of the early embryo, though their 
potentialities are so various. JXoch supports this view 
strongly; for he has been able to cultivate fungi of 
easily recognisable form through inany generations, and 
has been able to note no change, either morphological or 
physiological, such as would lead him to suppose that it 
is possible for a given form with a well-defined physto- 
logical action to pass into another form having a different 
action. IXoch thinks that no alteration in food or in 
physical conditions will transform a micrococcus into 2 
bacterium or bacillus, and that there is no evidence of the 
apparently slighter change from a harmless non-patho- 
genic bacillus (B. subtilis) into a virulent pathogenic 
one (B. anthracis) having been effected by these means. 
Cohn and Koch may therefore be cited as beheving that 
specific classification of Schizomycetes is possible, and 
that the different species which they describe are im- 
mutable. 

On the other hand, it is believed that Colin's divisions 
are merely developmental forms of one (Coccobacteria 
septica, Billroth), or afew undetermined species (Nagel). 
The arguments on this side are :— 

Ist. That im successive cultivations, especially in different 
media, the forms developed have varied greatly from the 
original, assuming in succession the shapes characteristic 
of Wohn’s orders; and at the sume time their physivlogical 
activity has changed equally. This is, of course, a direct. 
contradiction of Koch’s statement and may be true; but 
it must be remem)ered that the method employed (suc- 
cessive cultivation) is one in which error is easy. In fact 
it is far easier to fail than to succeed; so the susnicion that 
the cultivations have become contaminated by other 
organisms arises. It must, however, also be borne in 
mind that many of the observations which support the 
above statement were made by men of the highest skill. 

2ndly. Different forms of bacteria are found taking 
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part in the same decomposition (e.g., putrefaction). 
This shows simply that several, different organisms are 
capable of living in the same fluid; the process is a com- 
plex one, and the products are the result of the life- 
actions of different forms; it does not show that different 
forms develop from onc species. 

ordly, The same form may be found associated with 
the most different chemical changes. Thus micrococci, 
indistinguishable from each other by form or size, occur 
in relation with diphtheria, erysipelax, smallpox, pymmia, 
infective osteo-myelitis, and many other diseases. They 
cannot be the same if they are the cause of these maladies ; 
but that similar forms may be specifically distinguished 
by their physiological activities has already been shown 
(p. 498), 

4thly. Coze and Feltz, Davaine, and others, produced 
an artificial septicemia by injecting putrid fhaids, contain- 
ing many forms of bacteria, into rabbits, and found that 
the virus increased as the disease was transmitted from 
animal to animal; so that in the twenty-filth transmission 
of a series, Davaine produced fatal septicamia with one 
trillionth of the original dose of one drop. But thus 
upparent increase in virulence was due tu neglect of a 
control-experiment made by taking the smallest quantity 
possible at an early stage. Davaine himself thus found 
that no increase of virulence occurred after the second or 
third generation; and Koch shows that even this was due 
to greater purity of the organism inoculated, forms other 
than that speciticto the disease having rapidly diminished, 
whilst the specific one increased and multiplied. Similar 
increase in physiological activity produced by cultivation 
has been alleged to occur in other organisms, and has been 
similarly explained. 

5thly. Buchner states that by cultivating the non- 
pathogenic, hay-bacillus in meat-infusiqns, and in un- 
sterilised blood, he made it “savage,” and coffverted it into 
B. anthracis ; and that by a converse process he converted 
B. anthracis into B. subtilis. The experiments have been 
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repeated with negative results by Koch, who points out 
the probable flaws in Buchner’s experiments, and, more 
recently, by Klein. 

6thly. By cultivating B. anthracis at 42°-48° C., 
Pasteur succeeded in so “attenuating” the virus of 
splenic fever, that when inoculated upon sheep it caused 
little or no illness, but conferred upon them immunity 
from splenic fever; of fifty sheep, twenty-five vaccinated 
with the attenuated virus, all lived, twenty-five un- 
vaccinated all died when inoculated with the virulent 
poison. This result was twice obtained. Other experi- 
ments, though less successful, have been, on the whole, 
confirmatory. But Koch, Loffler, and Chauveau, have 
not sneceeded in attenuating the virus or in conferring 
any certain protection. Perhaps this is owing to the fuct 
that Pasteur has not published an exact account of hig 
method of attenuating the poison. As regards Rodents, 
Klein failed wholly to produce immunity; so long as the 
B. anthracis acted at all it produced splenic fever. By 
similar cultivation at 42°~48° C., or by leaving the 
organisms of chicken cholera in chicken broth exposed to 
air for 8-10 months, theywere similarly attenuated, and 
protected the fowl for perhaps a year from attacks of the 
disease (Pasteur). Quite recently, Pasteur has stated that 
he ig able similarly to vaccinate against hydrophobia. 
The analogy of these processes with vaccination is de- 
stroyed by the absence of proof that vaccine is small- 
pox poison attenuated by cultivation in acow. In the 
above cases the physiological action of the fungi muat 
undoubtedly be modified by the treatment they undergo, 
but the modification is not such as to prevent a specific 
classification. 

This is the experimental evidence as to the mutability 
of bacteria. At present the balance is decidedly against 
it, but Koch hémself recognises that his experiments do 
not prove its impossibility. Like all other organisms, 
these unicellular beings must have more or less power of 
adapting themselves to altered surroundings, and will be 
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modified by the latter; the question is whether marked 
modification can be thus produced within periods which 
can be covered by observations. Koch's experiments are 
sufficient to show that many fungi, at all events, preserve 
unaltered through long series of cultivations their in- 
herited characteristics. 

Looked at from the clinical point of view, every one feels 
that the best marked group of infective diseases—the speci- 
lic fevers—must have an unvarying, a specific cause, Most 
observers believe that these diseases never arise except by 
infection froin a previous case. Assuming the virus to,be a 
fungus, they adinit that it must at some time have acquired 
the physiological action which enables it to produce a cer- 
tain disease ; but they hold that there is no evidence that 
harmless fungi do at the present time ever acquire such 
powers. Isvlated communities remain free from such 
discases for centuries until a case is introduced among 
them ; then it spreads with the utmost rapidity. In 1020 
au negro, covered with smallpox pustules, was landed on 
the Mexican coast, where the disease was not yet known; 
three and a half millions are said to have died of it. In 
18-46, measles was introduced from Copenhagen into the 
Faroe Islands, and almost every one suffered. Sumnilar 
facts coucerning other acute specifics are given by Sir T. 
Watson, in Nineteenth Century, No. III. Murchison and 
others believed that typhus and typhoid might originate 
de novo, being filth-begotten; but the conditions of life 
in slave ships and Arctic winter-houses are as unsanitary 
us ever they were in our gaoly when typhus was endemic 
in them—yet no typhus occurs. As to the origin of 
typhoid from sewer-gas, Continental towns show that 
exhalations of it may be intense and prolonged without 
ever generating typhoid. 

‘The poison of the most infectious diseases has obviously 
so great a power of spread by air, food, cloéhing, &c., that 
it is almost impossible to find a case in which the possi- 
bility of infection from a previous case cannot be shown. 

*The less infectious kinds have, therefore, been turned to 
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by the advocates of the de novo origin. Many cases of 
supposed spontancons origin of diphthena are recorded ; 
and a urethral discharge hke gonorrhma, in symptoms 
and communicahility, may, it is said, be contracted from a 
woman suffering from any foul discharye—not gonorrhaal. 
But it is quite possible that urethral discharges may be 
excited by infective irritants other than the gonorrhwal 
poison. With regard to the so-called Hospital Diseases— 
pyxmia, septicamia, hospital ganerene—there is, per- 
haps, evidence of some change from non-pathogenic to 
pathogenic organisms. How otherwise 1s it to be explained 
that, when a new building, which has never before con- 
tained wounded, is taken in time of war as a hospital, 
these diseases break ont so soon as crowding of the 
wounded reaches a certain point, whilst they do not 
attack patients in tents close by ? Can we suppose that 
the specific causes were present im the building? or do 
not the facts tempt to the belief that ordinary bacteria 
acquire pathogenic properties by cultivation under the 
conditions brought about by overcrowding of the 
wounded ? The state of atmosphere produced in the 
building would seem to be analogous to the “ epidemic 
influence ’—that influence which causes infective diseases 
every now and acain to become widely epidemic. Fron 
the clinical standpoint, therefore, it would seem that bnt 
little evidence is forthcoming in favour of the mutability 
of bacteria; but the question must be regarded as entirely 
sub judice. 

It will be seen that, by origin de novo, a germ-theorist 
understands--not the spontaneous development of an 
organism, but the acquisition under suitable cultivation of 
pathogenic properties by a non-pathogenic fungus. 

The acute specific diseases, to which allusion has go 
often been made, are now regarded as forming a class in 
the much largeg group of Infective Diseases. These may 
be defined 2 diseases due to the action of a poison or 
virus which has the power of invading and multiplying 
in living tissues. They may be local or general, c¢,,« 
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the virus may be able only to invade the tissues for a 
greater or less distance about its point of entry, or it 
may be able—either directly by multiplying in the blood, 
or indirectly by throwing into it the products of its action 
in the tissues—to excite the tissues in general to increased 
metabolism (fever), and perhaps to lodge in other tissues 
and excite fresh foci of disease. 

These diseases are divided according to certain charac- 
teristics of the virus :— 

1. Contagious.—These are communicable only from 
individual to individual; the poison runs its whole course 
of development inthe hody. Scarlet fever, measles, small- 
pox are examples. They are frequently epidemic. 

2. Miasmatic.—These are endemic diseases of which 
malarial fever is the type. ‘This disease is not communi- 
cuble from man to man; the poison which causes it deve- 
lops outside the body, having no relation to a previous 
case of ague. 

3. Contagio-miasmatic.—In this class are placed 
certain diseases which seem to be derived always from a 
previous case of the disease, but not directly ; the poison 
hus to go through some change external to the body. 
The best examples are typhoid and cholera. There is 
doubt as to what constitutes the peculiarity of this group. 
The hypothesis of an essential change taking place ex- 
ternal to the body, originated with the Munich school. 
But Pettenkofer has abandoned it, aud thinks that these 
diseases differ from the miasmatic simply in being trans- 
portable by man from their seat or seats of origin. 

4. There would seem to be another set of diseases— 
septic—the poisons of which may be derived from many 
putrid infusions. When the disease has once been started 
in this way, it can be transmitted directly from individual 
to individual indefinitely. 

_It will be remembered that, having peinted out the 
analogy which exists between fermentation and infective 
disease, we considered the views which have been put 
‘forward as to the etiology of fermentation, and concluded 
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that the germ-theory was almost certainly the true one, 
It seems impossible to furnish absolute proof of it, for it 
is impossible to cleanse the germs so thoroughly as to be 
sure that no particles in a state of “motor decay” are 
added with it to a test-fluid. The facts, however, that the 
particles in a state of motor decay have never been demon- 
strated apart from organisms, and that the properties of 
the cause of fermentation appcared to be those of a living 
thing, render it,as has been said, almost certain that organ- 
isms stand to the process of fermentation as cause to effect. 
There is, therefore, on the strength of the above analogy, 
a primnd faeve case in favour of the germ-theory as apphed 
t6 the infective diseases. And it will be found upon exami- 
nation of the evidence yielded by actual observation of 
these diseases, and by experiments upon anunals, that the 
deinonstration of the causal relationship of organisms to 
them is in some cases as complete as it is in the case of 
fermentation, although in the great majority the proof 1s 
still more or less doubtful. 

To prove that a micro-organism is the cause of a 
disease, it 1s necessary :— 

1. To find the same organism recognisable by its form, 
mode of growth, or products, constantly associated with 
the disease, at least in its earlier stages; and in sufficient 
numbers to account for the symptoms. 

2. To produce the disease in other animals by inoculat- 
ing them with material containing the organism taken 
from diseased animals, 

3d. Tomake “pure” cultivations of the organism through 
several generations; and, when it may reasonably be sup- 
posed that all else taken from the animal which yielded the 
virus has disappeared, to inoculate other animals with the 
cultivated organism and still to obtain the same disease. 

The demonstration of a well-characterised organism in 
constant associetion with a disease is now by many taken 
as almost equivalent to proof that it is the cause of the 
morbid process. For it is, in most cases, iinpossible to 
experiment on Man, and frequently no animal can be 
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found which suffers from the disease under investiga- 
tion. Consequently, the proof cannot be carried beyond 
the first stage. .This, however, is no proof at all to 
those who believe that under certain circumstances a cer- 
tain form of organism will develop spontaneously ; nor 
is it satisfactory to others who think that, when a nidus 
favourable to a certain organism exists, that organisin is 
sure to drop into it. 

The amount of patience and skill necessary to carry on 
an investigation of the above kind can be appreciated only 
by those who have worked at the subject. They are not 
surprised that so few diseases have been thoroughly in- 
vestigated. In the case of man, the ditfieulty of obtaming 
material in the early staves of diseases, and sufficiently 
soon after death must also be taken into account. Until 
quite recently, too, the methods employed were wholly 
inadequate to the discovery of many kinds of fungi. At 
first there was unaided microscopic examination only, 
and with inferior glasses; the detection of all fungi, under 
these circumstances, was very difficult, and often impos- 
sible. A considerable step was made when v. Reckling- 
hausen, in 187], pointed out the uniform size and the 
resisting power of micrococci against dilute acids and 
alkalies and glycerine as a means of diagnosis between 
them and fatty and albuminoid particles. But progress 
has been much more rapid since the introduction by 
Weigert of the aniline dyes as stains for organisms, and 
by Koch of many improvements in the mode of examin- 
ing specimens and of carrying on pure cultivations. 


hag 


Details of these processes will be given on p. 533. 


THE SCHIZOMYCETES. 


We shall now, adopting Cohn’s classification, give the 
orders, genera, and some of the species of the Schizo- 
mycetes, and state the grounds for beliewng that certain 
of them are causally associated with disons® 

Order 1. SPH E2ROBACTERIA or MICROCOCCI.— 
These are round or oval cells, generally 5 to 2 x in diameter, 
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300), which may be straight or wavy. They often occur also 
in colonies and zooglw@a-masses. The chains only seem 
sometimes to have slow spontaneous movemcut. They 
differ among themselves in form, size, mode of grouping, 
aud physiological action, and thus are established genera 
and species. Though often found im putrefying fluids, 
they are not the cause of putrefaction. 

There are two genera :—Micrococeus and Sarcina. 

1. Genus Micrococcus.— Cohn arranges the species of 
Micrococcus in three groups :—pigment-forming, fermen- 
tative, and pathogenic. 

(a.) Pigment-forming.— Uncoloured themselves, they 
form in contact with air, sluny films of various colours. 
They are freyuently scen on bits of boiled potato. The 
colour does not vary with the soil, but is specific to each 
form. The species are :-~M. prodigiosus (red), the cause of 
the “bleeding” host ; M. luteus, aurantiacus, chlorinus 
cyancus—the cause of blue pus—and violaceus. 

().) Fermentative. —M.urcaw, the cause of the ammo- 
niacal fermentation of urme, which it enters from the 
air. Urine obtained pure and exposed only to pure air 
will keep acid for years. he change elfeeted in the 
transformation of urea into ammonic carbonate is said 
to be due to the action of an unformed ferment secreted 
by M. urew (Musculns*) which must be indiffusible, for the 
urine in an excised bladder does not putrefy even if placed 
in putrid urine. ‘The change often occurs in urine con- 
tained in the living bladder, and may extend up to the 
pelvis of the kidneys with the most fatal results (suppu- 
yative nephritis, p. 392). M. urew is rather large (2 p) 
and occurs singly or in chains, 

(c.) Pathogenic.—The absence of distinctive form is 
a great difficulty in the carrying on of “ pure” cultivations, 
and in the demonstration that a specific coccus is the 
cause of a diseasg. Cocci are more frequently associated 
with diseases than any other form of fungus. 

Micrococci (Fig. 150,2) have been found in large numbers 
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in the secondary deposits of Pyeemia (Rind fleisch, v. 
Recklinghausen, and many others). It has been shown 
that the unhealthiness of the wound is in proportion to 
the number of zoogloca masses on its surface, and the 
severity of the discase to the number of cocciin the blood 
(Birch-Hirschfeld) ; the cocci have been traced from the 
wound into councctive tissue interspaces and into a 
vein (Klebs), Cultivation-experiments are still needed ; 
inoculation of an'mals from man has repeatedly failed. 
By injecting a putrid mfusion of skin Koch obtained an 
infoctive disease in rabbits lke pyamia in man; a 
micrococcus was constantly present in the blood. The 
disease was transmitted from auimal to animal several 
times (p. 473). 

With putrid blood spreading gangrene, with a 
specific coccus growing in chains, was produced; and 
in rabbits, abscess spreading from the seat of in- 
oculation, was produced with clouds of very small cocci 
(15 nz) in the wall; each was locally infective, and 
was transmitted several times. A septicaemia of rabbits, 
with a characteristic oval coccus, was also produced. In 
these cases there seems no loophole for doubt that the 
organisms really caused the diseases. Many organisms 
were at first injected, one only developed after in- 
oculation, and each transmission was therefore a pure 
cultivation. The poison evidently multiplies ; and as we 
have rejected the physical explanation of this increase 
(p. 479), we have only the vital theory left. Every student 
should read Koch on “Traumatic Infective Diseases,” 
where a full account of the above maladies is given. 

Micrococei are constantly present in the pus of acute 
abscesses (Fig. 150, 1); in chronic they are not found. 
Many observers have noted this. Ogston found that pus 
from acute abscesses in man caused acute abscess in 
animals when inoculated upon them; the disease could be 
transmitted from animal to animal ; cultivation of the cocci 
of the original abscess succeeded in eggs, and inoculation 
of the cultivated organisms again caused abscess. The 
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game litter proved much more resistant than others. In 
some cases well-marked septicsesmia occurred, the symp- 
toms in mice being such as were described by Koch. 
Micrococei were then found in the blood, though never 
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1. Micrococei from an acute abseess—some in a pus- 
ec], 2. Mierococei from secondary suppuration in 
elbow (puerperal fever; lent by Mr. Horsley), 3, 
Micrococci from gonorrhoal pus, in cells. 4. Bareina 
ventriculi. 6. Bacterium termo, 6. Bacillus anthracis, 
from blood of mouse (lent by Mr. Horsley). 7, Chains 
from cultivation of B. anthracis 5 some bearing spores 
{after Duclaux), 8. Bacillus of typhoid, from a mesen- 
teric gland (lent by Dr. Gibbes). 9. B. malarin: di- 
chotomous division, parietal spore-formation, jonited 
and unjointed threads which appear in cultures and 
fine spores; x one-twelfth, oil-immersion, Zeiss (after 
Kiebs and Tommasi Crudeli). 10. Spirilla of relapsing 
fever, and red corpuscle (after Vandyke Carte ais All 
x 500 except B. malariag, 


in very large number, apparently. Ogston concludes that 
all acute suppuration is due to micrococci; and that the 
game organisms may under unknown circumstances give 
rise to septicaayn a.* 


Brysipelas.—Micrococci have often been described in 
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erysipelatous skin, especially at the spreading edge; 
v. Recklinghausen and Lukomsky* showed that they 
occupied the lymphatic channels and spread along 
them (hence the name—infeetive capillary lymphan- 
gitis), Orth produced typical erysipelas in a rabbit 
by subcutaneous injection of the fluid from an erysi- 
pelatous }ulla; with odema fluid from this animal he 
successtully inoculated auother; the fluid and affected 
skin contained cocci in large numbers. Orth culti- 
vated the fungus, and produced erysipelas by injecting 
it. ast year Fehleisen (D. Attivlogie des Erysipels) 
found numerous cocci in chains coustantly present in bits 
of skin excised from patients having erysipelas; they lay 
in the lymphatics chietly of the superficial part of the 
corinm and in the subcutancons fatty tissne, never in 
Llood-vessels. They had excited round-celled infiltration 
about them. The cocci were cultivated upon gelatine 
through fourteen generations in two months; eight out 
of nine rabbits now inoculated suffered from the disease ; 
six out of seven inoculations upon man were equally suc- 
cessful. The incubation was 15-0 hours; then followed 
rigors, fever, and typical rash, The discase was severe 1n 
two cases. Immunity, if conferred at all, lasts less than 
two months. ‘Three per cent. solution of carbolic acid, one 
per cent. of perchloride of mercury stopped the growth of 
the fungus. 

Diphbtheria.—In the membrane characteristic of this 
disease are fonnd numbers of micrococci with other 
organisms. The cocci have been found also in the tissue 
upon which the membrane hes, and have several times 
been traced thence along the lymphatics to the nearest 
glands; miliary deposits of them have been found also 
in the heart, liver, kidneys, and other organs, closely re- 
sembling those of pysemia, having even a similar brownish 
colour. Their occurrence probably explajus the complica- 
tions, especially albuminuria, which are often met with. 


* Vireh, Arch., vol. 1x., p. 418. 
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Trendelenburg infected the bronchi of rabbits with bits of 
membrane, and Hiiter the conjuctiva. Klebs and Letzerich 
cultivated the organising, but rabbits moculated died very 
rapidly, perhaps of septicaemia, without the cecurrence of 
membranes. Loffer has a paper in the recent volume of 
the Mitth. a. d.k. Gesundheitsamte in which he describes 
a bacillus as the specific organism of diphtheria. The 
possible origin of the disease from a miasm or fungus 
growing outside the body has been alluded to. 

The disease is probably primarily local, its seat being 
most commonly the throat. he lesion here is compa- 
rable to the primary sore, not to the sore throat, of 
syphilis; for in cases in which the seat of inoculation is 
a wound, no affection of the threat appears, as was 
noticed in cases occurring in the wards of the Children’s 
Hospital when diphtheriu-cases were not isolated. It is 
believed by many that these cases of obvious diphtheria 
of wounds pass on the one hand into Hospital Gangrene, 
and on the other into croup of granulations. It is said 
that endemic pharyngeal d*ohtheria goes with endemic 
wound-diphtheria (Luter), Proof of the identity of these 
processes is wanting. Membranes of diphtheritic aspect 
appear occasionally on almost all inucous membranes, 
but without any symptoms of diphtheria. Their occur- 
rence shows simply that irritants other than the diphthe- 
ritic virus can produce that form of necrosis and quahty 
of exudation which make up the true diphtheritic mem- 
brane (p. 288). Simple irritants may produce similar 
membranes (p. 077); they contain cocci, which have 
fallen on to them. 

Gonorrhoea.— Neisser, in 1878, described a large micio- 
coccus peculiar to this disease. (Fig. 150, 3.) He was able 
to distinguish it from ordinary cocci by its size, by the 
distance between the individuals in the groups, about 
equal to the diameter of a coccus, and by their occur- 
rence upon tie surfaces of cells; and he used it as a 
means of diagnosing gonorrhamal discharges from urethra, 
eye, &c. He cultivated it, but failed in his inoculation- 
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experiments. These have been successfully carried out 
by Bockhardt.* He injected a fourth cultivation into 
the urethra of a general paralytic, and produced a puru- 
lent discharge. The man died of pneumonia ten days 
later, and an examination of the urethra led Bockhardt 
to believe that the cocci probably pass through the epithe- 
hum into the lymphatics of the fossa navicularis, where 
they excite lively inflammation. They enter into white 
corpuscles, and pass with them into blood-vessels, where 
they dic; or they come away in the pus. 

Pneumonia.—I<lebs described a micrococcus as pre- 
sent in pneumonia,t and was confirmed by Kocht 
and Friedlander§ who demonstrated the constant pre- 
sence of the organisms in great numbers in the early 
stages, not only in the exudation, but also in the lym- 
phatics of the lung. Friedlander|| now states that 
he has cultivated the coccus in blood-serum and gela- 
tinised meat-infusion and on potato. Diffused im distilled 
water and injected into the lung and pleura of rabbits, 
they produced no effects ; but thirty-two mice died with- 
out exception, and generally in eighteen to twenty hours. 
The lungs were very red and almost universally solid, 
and the spleen was enlarged ; both organs contained the 
characteristic cocci, which were present in considerable 
numbers in the blood, and in enormous numbers in 
fluid which occupied the pleura. Guinea-pigs were 
more refractory ta the poison, and only one dog of five 
suffered. 

Inhalation-experiments were made by spraying water 
charged with cocci for five minutes into the cages of 
mice; three of ten developed pneumonia. The effect of 
chill was not excluded. 


* Sitz. Bericht d. Phys, Med. Gesell. Wurzburg: 1882, 

t+ Arch. f. Exp, Path., iv. 

¢ Mitth. a, d. k, Gesundh, 1881, e 

g Virch. Arch,, vol. 87, 

|| Fortschritte d. Med.; abstract in British Medtcai Journal, p. 174, 
vol. i., 1884. 
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The cocci are large, oval, stain best with Ehrlich’s 
gentian-violet, and have round them a peculiar capsule 
of mucin (Friedlander), which is not, however, constant. 
Epidemics of pneumonia have often been described, and 
complete proof of the view that it is an infective disease 
seems to be close at hand. 

Salvioli and Zaslein* confirmed some earlier observa- 
tions of Friedlander. ‘They found the coccus in the blood 
and in blister-fluid of pneumonic patients, and m them 
only. ‘They cultivated it, and found that, when injected, 
it produced pneumonia and fibrinous pleurisy in rabbits, 
whilst the culture-tluid alone did not do so. 

Measles.— This disease has been given by inoculation 
of the healthy with the blood of the sick. Organisms 
have been found in the breath, in the blood, and in the 
skin, lungs, and liver. They are large, highly-refracting, 
round or fusiform bodies which remain uustained by car- 
mine. 

Keatingt says that he examined two series, each of 
eight cases, and found a special coccus constantly present 
in the papules ; it was demonstrable in the blood in severe 
cases only. Here it either occupied the interior of leuco- 
cytes or performed swirling movements round them. ‘The 
prognosis 18 bad if cocci are seen in the blood. 

Vaccinia.—Cocci, present in the vaccine-vesicle, have 
been cultivated by Godlee and others; but vaccination 
could not be effected with the cultures. Success would 
eliminate the possibility of conveying any disease other 
than vaccinia by the inoculation. Quist§ states that he 
has vaccinated successfully with cultures. He says that 
both cocci and bacilli are constantly present in the 
vesicles, and that the latter are developed from the former. 


* Ctbl. f. Med. Wiss., p. 721, 1883. 

¢ Braidwood gif Vacher, British Medical Journal, vol. i., p. 77, 
1882. 

t Phil. Med. Times, xii. No. 384, 1882. 

§ St. Petersb, Med. Wochenschr,, No. 46, 1883. 


514 THE VEGETABLE PARASITES. 


They are purely aérobious, and grow in serum diluted with 
water containing some glycerine to prevent evaporation. 
After 8-10 days, superficial flakes, and then a precipitate, 
of cocci form. Vaccination, with material taken 1-14 
cm. from the point of inoculation, are successful. In 
one case the cultivation was carried through three 
generations. 

Cerebro-spinal Meningitis (HE pidemic).— Marchiafava 
and Celli found cocci constantly im the exudation, 
generally as diplococci ; probably smaller than gonorrheeal 
organisms. They are not present in the organs generally, 
but are found in groups in the pia mater. 

Micrococci have been described also in Typhust (ac- 
tively moving, dumb-bell cocci in blood in all cases [twelve], 
and plugs of them probably in lymphatics in each of 
six hearts examined), Scarlatina,{ Wariola,§ Infective 
Periostitis, Endocarditis|| (not only ulcerative), Acute 
Yellow Atrophy of the liver (early stage), Whooping- 
cough,** and Dysentery.f+t Pasteur has proved that a 
fatal disease of silkworms, Pébrine, is due to the action 
of a micrococcus (M. bombycis). The disease is hereditary, 
and the coccus 1s found in the eggs. 

II. Genus Sarcina.—A micrococcus which divides in 
two diameters at right angles to each other, is often found 
in vomit from stomachs dilated from pyloric obstruction, 
in cases of dyspepsia from chronic catarrh (Sarcina ventri- 
culi), in the bronchi and deeper parts of the lungs in chronic 
inflammatory diseases, and in the urine (S. urine) ; it has 
been seen also in abscesses and in blood. Single cocci 
may be seen, but the majority form square groups of four, 


* Gazz, degli ospitaii, No. 8, 1884—quoied from Cdl. f. Klin. Med. 
+ Mott, Aritsh Medical Journal, vol. ii. 1883, p, 1059. 

t Pohl-Pincus, Col. f. Med, Wiss., 1883, p. 641. 

$ Weigert, Anat. Beitr. 2. Lehre v. d. Pocken, 1874, 

{ Koch, Mitth. a, d. k. Gesundheitsamte, 1881.- 

q Dreshfeld, British Medical Journal, 1883, vol. ii. p. 1057. 

s* Biirger, Berl. Alin. Wochenschr., 1883, No. 1. 

tt Prior, Col. f. Klin. Med., No, 17, 1883. 
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or some multiple of four (Fig. 150, 4). S. ventriculi is 
larger than S. urine, or than thefungus of this shape occur- 
ring in the Jungs. The presence of sarcina in the stomach 
does not cause it to appear in the urine or elsewhere. It 
is extremely difficult to get rid of the fungus, when once 
established. The nature of the decomposition to which 
it gives rise is unknown. 

Order 2.—MICROBACTERIA.—One Genus—Bac- 
terilum (the name “bacteria” has unfortunately been 
applied to the whole class). The tendency now is to limit 
the name to cylindrical or oval cells, of which the length 
is not more than twice the breadth, which multiply by 
transverse division, are frequently seen in pairs and in 
zoogloea-masses with much intercellular substance, but 
never in long chains. In cross section the zoogloa-masses 
look like coccus-colonies, but rods may be seen at the 
edge. Spores have not yet been demonstrated. ‘hese 
fungi may be actively mobile or motionless. 

Pigment-forming.—B. syncanthum occurs in yellow 
milk, the colouring matter being soluble in water; LD. 
eruginosum in greenish-blue pus. 

Fermentative.—B. termo (Fig. 150, s) is the most im- 
portant species, being apparently the cause of putrefaction 
(Cohn). It is cylindrical, with rounded ends, 1-2 » long, 
often in pairs, and has a trembling movement. It is 
non-pathogenic, being unable to exist in living tissues ; 
part of its action is due to the formation of unorganised 
ferments; its products closely resemble those of pancre- 
atic digestion; many of them are fever-exciting, though 
one—sepsin (Bergmann)—which has been crystallised out, 
has been given special prominence. The non-infective 
disease, septic intoxication, is due to the absorption of 
the poisons formed by B. termo. 

B. lineola—like, but much larger than, B. termo, often 
occurring with ij, but also in fluids free from putrefaction. 

B. lactis—The cause of lactic fermentation of milk 
(Lister). 

Pathogenic.—A motionless bacterium of small size, 
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lightly constricted in the centre, has been shown by 
Pasteur to be the cause of the disease known as “ chicken- 
cholera,” though no symptom suggests a resemblance to 
cholera. 

Order 3.—DESMOBACTERIA.—Rods of which the 
length is more than twice the breadth, and generally con- 
siderably more, so that these fungi are slender. ‘They 
multiply by transverse division, and often grow into long, 
jointed, but unbranched filaments, not constricted at the 
joints. Formation of spores has been detected in some 
specics. Swarms of bacilli are common, but they are rarely 
imbedded in zooglosa. There are two genera :—Bacillus, 
rods straight ; Wivrie, rods wavy. 

Pigment-forming.—B. syncyanum occurs in blue milk. 

Fermentative.— DB. subtilis.—Found in hay-infusions 
and many other organic substances. Very delicate, 
actively-moving rods, having a cilium attached at each 
end. When nourishment tails, they become motionless, 
and bright, oval spores form in their interior. It is an 
aérobious fungus. 

B. butyricus.—The cause of butyric fermentation. 
Rods vary from 3-10 win length; slender at first, they 
become plumper, and the shorter ones appear spindle- 
shaped; oval spores form in their interior. The rods 
may grow into long or short chains, and in the latter 
condition quite lose mobility. Oxygen kills the bacillus 
(Pasteur). 

Pathogenic. —-Splenic Fever.—The B. anthracis, 
found in this disease is the best known of all the 
parasitic fungi. Its life-history was worked out by 
Koch.* In blood from the spleen of animals dead of 
splenic fever are found enormous numbers of rods, 5-20 p 
long by about 1 yp broad, straight, with slightly concave 
ends and motionless (Fig. 150, 6). In a suitable culture- 
material (the blood of the dead animal, is one), with a 
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plentiful supply of oxygen, and a temperature between 
15° and 42° (25°—30° bemg most favourable), the rods 
grow into very long filaments (Fig. 150, 7); in these, 
round highly refracting spores form at short and regular 
distances; the filaments now break up, and the spores 
are set free. Under favourable circumstances these grow 
into bacilli. In hving animals, long filaments and spores 
are never found; the rods multiplying solely by division. 
The rods exist in enormous numbers in the capillaries, 
especially those of the spleen, lungs, liver, kidneys, aud 
mucous membrane of the intestine. Numbers leave the 
body in the urine, feces, and blood flowing from the nose 
and mouth of the animal before it dies; thus the grass is 
covered with the fungi. In bodies buried at a depth of 
one metre, oxygen and a suitable temperature are wanting, 
so no development of spores occurs, and the bacilli soon 
die. DPasteur’s belief, that spores do develop under these 
circumstances and are brought to the surface by earth- 
worms, is erroncous (Koch). As to the mode of infection— 
Pasteur says that the mouths of animals are wounded by 
siliceous grasses, and the cuts imoculated with bacilli or 
spores, a view supported by the frequent swelling of the 
cervical glands in sheep; but these animals and man are 
frequently infected by insects which bite them on the face. 
Koch thinks the intestine is the commonest seat of infec- 
tion; Klein, however, records a case in which one mouse 
ate most of another which had died of splenic fever, with- 
out ill results. In warm, marshy districts, the bacilli form 
spores plentifully ; these are carried by floods to meadows 
where anthrax may not have occurred previously. 

In Man, malignant pustule is due to inoculation with 
B. anthracis ; in this country, generally, from wool or hides 
brought from countries where the disease is endemic. 
Some time after the appearance of the pustule, as a rule, 
general symypéoms appear, bronchitis or diarrhoea being 
common. Davies-Colley* found numerous bacilli in 


* Path. Soc. Trans. , 1883, p. 291. 
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serum pressed from an excised pustule, and in the 
sputum, urine, feces, and sweat. The patient recovered; 
but though free from symptoms he was still eliminating 
in his urine a few bacilli a month after excision of the 
pustule. In some cases there is no superficial lesion, 
and the syinptoms may be those of acute septic poison- 
ing, or chiefly pulmonary or intestinal (Woolsorter’s 
Disease). Perhaps the predominant symptoms indicate 
through which mucous membrane infection took place. 

B. anthracis is constantly present in splenic fever, and 
ultimately in enormous numbers. Blood of the foetus of 
an animal with splenic fever, which contains no organ- 
isms, does not produce the disease; whilst blood con- 
taining bacilli capable of development or spores, always 
does in suitable animals. The bacilli may be separated by 
filtration, and washed with distilled water, alcohol, ether, 
and then dried—they still cause splenic fever. Pure 
cultivations may be made through fifty generations, with 
the same result. It never gives rise to any other disease. 
If this is not proof that B. anthracis is the cause of 
splenic fever, the belief that itch is due to acarus scabiel, 
or that trichinosis is due to trichine must also be 
regarded as ill-founded. 

Cholera.—The etiology of cholera has been attentively 
studied since the recent outbreak in Egypt, especially by 
u French Commission under Dr. Straus, and a German 
Commission under Dr. R. Koch. The former arrived at 
no definite conclusion; but Koch in his Sixth Report 
expresses the belief that he has discovered a bacillus 
which is constantly present in cholera, and which occurs 
in cholera only. It is distinguished by being more or 
less curved—comma-like or even semi-circular. It is 
actively mobile. When cultivated, the bacilli grow into 
more or less undulating threads of which the terminal 
cells retain the form of the organisms found,in cholera. 

These fungi are found only in the intestinal contents 
and evacuations ; when found in vomit, this was shown 


by its alkalinity to have regurgitated from the intestine. 
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It is constantly present in very large numbers in rice- 
water stools, but only in small numbers during the early 
stage whilst the dejecta are still faecal, and they rapidly 
disappear, when recovery occurs, as the motions assume 
their normal character. 

The German Commission believes these bacilli to be the 
eause of the disease, but it seems very doubtful whether 
this will be at all generally accepted. Unfortunately, all 
attempts to convey the disease to animals have failed — 
no animal has ever been known to suffer from cholera. 

Malaria.—Klebs and Tommasi-Crudeli* cxamined the 
soil, water, and ground-air of malarial districts near Rome. 
They found in the soil very numerous mobile, long-oval 
spores (‘95 pin greatest diameter), which on cultivation or 
on injection into an animal’s blood, grow into rods, 60-84 p 
long by ‘6 wide, homogeneous at first, but later dividing 
transversely. Spores form in the scctions, at first parictal, 
afterwards filling the whole interior. They are aérobious, 
and grow in albumen and fluids of the body, but not in 
water. Stagnant water of the district did not contain 
them. The air did, except during the seasons when malaria 
was not prevalent; then they are found in the soil only. 

Culture-fluid, of which the filtrates had but slight 
effect, excited in animals typical, regularly intermittent 
fever with swelling of the spleen, and in severe cases 
deposit of black pigment in it. Developmental forms of 
the bacilli were found in the spleen, marrow, lymph, 
and blood. 

Marchiafavat a little later found the same spore- 
bearing bacilli in the spleen, marrow, blood, and lymph, 
of patients dead of ‘‘ perniciosa;” and showed that they 
were frequently, but not invariably, present in the blood 
of patients during the cold stage of a fit; in the hot 
stage no bacilli were present, but the spores above-men- 
tioned were there in large numbers, Quinine caused the 


* Arch, f, Exp, Path., p, 122, vol, xi, 
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disappearance of these bodies. Injection of blood into the 
trachea and peritoneum of dogs failed to produce the dis- 
ease. No organisms were present in the remission-stage. 

In the blood of a traveller recently returned from 
Africa, Dr. McMunn found typical B. malariz during the 
cold stuge.* 

Sternbergt failed to isolate the bacillus, and thinks that 
Klebs produced a septicamia, not an intermittent fever. 
He thinks malaria may be due to an organism, but that 
it has not been found. 

Typhoid.—Klebs first described micro-organisms in 
this disease.f He and his assistants found them without 
exception 1n twenty-four cases of typhoid—constantly in 
the bowel and frequently in mesenteric glands, kidneys, 
spleen, heart, laryngeal cartilages, in patches of lobular 
pneumonia, and in the pia mater (one case with severe 
cerebral symptoms). The organism was a short rod which 
grew into long, narrow, unbranched filaments, of which 
the diameter increased as spore-formation took place. 
Klebs cultivated the organism on gelatine, but it is uncer- 
tain whether his cultures were pure. He also inoculated 
rabbits from the cultures, and m one case some swelling 
of Peyer’s patches was found post-mortem. 

A few months later, Eberth§ described bacilli, with 
rounded ends, as existing in the intestinal lesions, mesen- 
teric glands, and spleen. He said that they stained badly 
with aniline dyes, and worked with unstained specimens 
clarified by an alkali. He was thus able to discover the 
bacilli in eighteen out of forty cases. He believed them 
to be the same as Klebs described, but regarded the fila- 
menta, of which the latter author spoke, as secondary. 
Eberth stated that the number of bacilli diminished with 
the duration of the case. 


* British Medical Journal, vol. ii. p. 935, 1881." 4 

t+ Nat. Board of Health Bull., Washington, 1881, 

t Arch. f. Exp. Path, vol, xii. p. 231. 
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Koch* had already photographed similar bacilli at the 
time Eberth published. He found that they stained welt 
with Bismarck brown, and had demonstrated their pre- 
sence in half the cases examined by him. 

W. Meyerft took for examination only recently-swollen 
patches and follicles. He failed to stain the bacilli, but 
found them in sixteen out of twenty cases. 

All the above observers made control observations on 
other cases, such as tubercular ulceration of the intes- 
tine; but they never found the typhoid bacillus in dis- 
eases other than typhoid. They sometimes found cocci m 
the intestine and glands, but regarded them as secondary ; 
but by others, as Letzericht they have been considered 
as the organism of the disease. 

Maraghano§ examined blood from the finger and spleen 
(during life) of fifteen typhoid patients. During the 
height of the disease the former contained single and 
aggregated micro-organisms, almost all spherical, some 
mobile; in the latter, besides similar bodies, bacilli, like 
those of Klebs and Eberth, occurred in small number. 
All disappeared in convalescence. Cultivation of blood 
from either finger or spleen yielded small rods lke those 
found in fresh blood, and others much longer, like those 
described by Klebs. 

Brautlecht|| has often found a bacillus in epidemics 
in Brunswick, and has traced it to the drinking water ; 
it forms spores when cultivated. Both bacilli and 
spores abound in the urine of typhoid patients. Sub- 
cutaneous injection of the cultivations in rabbits was fol- 
lowed by high fever, inflammation of Peyer’s patches, 
swelling of the mesenteric glands, and other signs of 
typhoid. The organism described by Brautlecht is not 
the same as that of Eberth and Koch, being smaller. 


* Mitth. a. d, ky Gesundheitsamte, vol. i, 1481. 

{ Unters. i. @ Bacilli d. Abdominaltyphus, Inaug. Diss., Berlin, 
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Coats and Crooke* have each found the bacilli of 
Eberth and Koch in mesenteric glands. 

A very important paper by Gaffky, one of Koch's 
assistants, hasjustappeared.t He starts with the observa- 
tion that the bacilli have been found in only half the cases 
examined. They must therefore have either disappeared 
before the disease which they caused had run its course, 
or they were present but not found. The latter seemed pro- 
bable, as they had been demonstrated late in some cases, 
and missed at early stages in others. He points out that in 
typhoid the bacilli are not scattered everywhere, but are 
always in foci, and therefore more difficult to find; and 
that but little of an organ has been examined, even after 
100 sections have been carefully looked through. 

Gaffky himself investigated twenty-eight cases, and in 
twenty-six demonstrated the presence of bacilli in parts 
other than the intestine—such as the mesenteric glands, 
spleen, liver, kidney. In the other two cases, the bacilli 
were found in a recently swollen solitary follicle of one; 
and the other died at the end of the fourth week of per- 
forative peritonitis, and the intestines showed only heal- 
ing ulcers, 

In one case, which Gaffky does not include in his list, 
although it had been diagnosed as typhoid, both during 
life and post-mortem, immense numbers of cocci were 
found in the organs, and it was impossible to distinguish 
the typhoid bacilli. Gaffky throws out the suggestion 
that there may be a disease clinically like typhoid due to 
invasion of the intestine by cocci. 

The bacilli were more numerous the earlier the case. If 
many are found in old cases, it is probable that a relapse 
has occurred. 

The process employed to demonstrate the bacilli was 
to harden pieces of fresh organs in alcohol, and to place 
sections cut from them in methylene bluefor twenty-four 


* British Medical Journal, 1882, March 18 and July 1. 
+ Mitth. a.d.k. Gesundheitsamte, vol. ii., p. 372, 1884, 
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hours. The solution is made by adding a saturated alco- 
holic solution of the blue to water until the latter cannot 
be seen through, The sections are clarified, and mounted 
in the ordinary way. Blue sections lose their colour 
rather quickly; those stained with Bismarck brown are 
better for preservation. It is most important that the 
organs should be fresh, for the bacilli are difficult to dis- 
tinguish in sections from putrefactive organisms. 

The bacilli are thus described (Fig. 150, 8). They are 
three times as long as broad, and their length equals one- 
third the diameter of a red blood corpuscle. Their ends 
are distinctly rounded. Spores are not uncommonly seen 
—round, reaching right across the breadth of the rods, 
and lying at their ends. The typhoid bacilli are more or 
less actively mobile. They do not stain so intensely as 
other forms, and sometimes they do not stain uniformly ; 
round spots not extending across the rods, and therefore 
not spores, being left pale. The typhoid bacilli do not 
stain like tubercle-bacilli (p. 535). 

Thirteen cultures were made from spleens, and eleven 
were pure from the first ; peptonised meat broth stiffened 
with gelatine being the soil used. It was spread in thin 
layers upon slides, and these were inoculated in streaks 
and kept moist under a glass bell. In twenty-four hours 
increasing cloudiness could be seen confined to the lines, 
and not causing liquefaction of the soil: it was due to 
roundish, slightly granular, yellow-brown colonies. A 
little mixed with sterilised water and examined with ;'z o1l- 
immersion (Zeiss) showed the colonies to consist of one form 
of bacillus only; like, but rather larger, than that in the 
spleen whence culture was started. They were 3-4 times 
as long as wide; apparently the soil suited them better, 
so they grew more strongly, as they did also on potatoes; 
whilst in blood-serum they remained of the same size as 
in the body. _Spores form at the ends of the rods in 
3-4 days at 30°— 42° C., more slowly at 20° C.,and not at 
all below this point. In smaller number than the rods 
jointed threads also formed. The cultures reached their 
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height in 4-8 days, and then remained stationary. The 
mode of growth in both gelatine and potato was charac- 
teristic. Cultivation was continued on the gelatine in ten 
cases for more than a year without any change occurring 
in the organism. 

In two cases putrefaction had begun in the spleens used, 
and other organisms, cocci and bacilli, lquefying the 
gelatine, also grew; but in this solid culture-ground it was 
50 easy to select typhoid bacillus-colonies that the second 
culture was quite pure. 

In one case in which a culture from a spleen suc- 
ceeded, no bacilli were found in cover-glass specimens, 
nor in sections until over 100 had been examined. The 
method of culture would seem to be the most delicate for 
the detection of the organisms. 

A culture from the liver was tried im one case and 
succeeded. 

Many animals of different kinds were inoculated, but 
unsuccessfully. Itis very doubtful if any animal suffers 
from the typhoid fever of man. In spite of this gap in 
the chain of evidence, all the observers quoted believe that 
this bacillus is the cause of typhoid; and we may now say 
itis constantly present in typhoid, 1s recognisable from all 
known bacilli by. the various characteristics given above, 
and is not found in any other disease. Gatfky believes 
that infection occurs always through the mucous mem- 
brane of the intestine; even when the poison seems to 
have been inhaled as dust, he thinks it sticks on the 
pharynx, is swallowed, passes through the stomach, and 
thus reaches the bowel. 

At the International Medical Congress in 1881, 
Bouchard stated that he had found bacilli in the tubules 
and in inter-tubular tissue in cases of tubal nephritis 
occurring during typhoid, ‘They have been described by 
other observers as occurring in the urine., 

Septiceemia of Mice.—Koch* injected’ putrid fluids 
subcutaneously mm mice in quantity too small to cause 
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septic intoxication. A peculiar disease, without abscess 
formation, occurred in some individuals, and was trans- 
missible with certainty to others by inoculation of a very 
small quantity of blood. Extremely small bacilli, cmefly 
in leucocytes, were shown to be the cause of the disease. 
One attack confers immunity. It 1s not inoculable upon 
field mice or rabbits. 

Malignant CEdema. — A spreading codlema ending 
fatally may be produced by inoculation of mice, guinea- 
pigs, or rabbits, with garden-mould. One form of fungus 
develops, and the cedema-fluid containing it is easily 
inoculable. 

There are two species of the genus Wibrio—V. ruqula 
and V. serpens; they occur in putrefying fluids, and are 
not pathogenic. 

The bacilli of Tubercle, Leprosy and Glanders have 
already been described. 

Order 4.—SPIROBACTERIA.—These differ from 
Vibrio in making more screw-like and closer turns; river- 
water is their favourite habitat (Cohn). Vhere are two 
Genera—Spirochota, exible with wide thread, Spirillum, 
stiff with narrow thread. 

Relapsing Fever.—'The Spirochata Obermeiert (Fig. 
150, 10) often called spirillum, is found in the blood in this 
disease. It is 10-40 uw long, and makes quick undulating 
movements. The organisms are generally said tu appear 
in the blood soon after the commencement of an attack, 
and to disappear with remarkable specd after the crisis. 
Spitz, however, states* that by careful examination he 
found spirochaete in the blood 2~4 hours before and after 
an attack. Nothing is seen of them till the relapse, 
when they return. The disease has been inoculated from 
man on man, and from man on apes (Carter, Koch). 
Koch cultivated the Spirocheta Obermeieri; it grew into 
long threads. , « 

Albrecht} took blood from patients after an attack 


* Diss., Breslau, 1879, 
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of recurrent fever, kept it in a moist chamber, and ex- 
amined it frequently. In the first day of the remission 
he found (1000 diam.) extremely small movable bodies ; 
later these were succeeded by slender rods, each bearing 
a spore at one end or in the middle; and finally, active 
spirochzets appeared after the relapse had begun in the 
patient from whom the blood was taken. 

A spirocheta is often found in carious teeth. 

The Spirilla—tenue, undula, and vulutans—are not 
pathogenic. 


THE BLASTOMYCETES OR YEASTS. 


These are smal! round or oval cells, which multiply by 
gemmation. Sometimes the cells cohere and form branch- 
ing chains. When food is not abundant, as when cultivated 
in potato, turnip, &c., one to four spores may form in the 
interior of the yeast-cells; these develop when placed in 
fermentable fluids. Under the same conditions unjointed 
mycelium may be produced. These facts, taken with the 
knowledge that some higher fungi (e.g., Mucor Mucedo) 
under certain circumstances grow as yeasts ordinarily do, 
by gemmation, make it possible that yeasts are really 
vegetative forms of higher fungi. 

Yeasts are of importance only as causes of fermentation. 
They never invade living tissues. They are not rare in 
the stomach, either alone or im company with sarcina. 
They are frequently found in diabetic urine, but not when 
it 1s passed. 

Thrush.—In this disease, tolerably adherent grey or 
milky patches form in the mouth, pharynx, and gullet, 
either of children at the breast or of adults exhausted by 
disease (typhoid, phthisis). These patches are due to the 
growth of the oidium albicans, a parasite ahich was 
regarded as a mould; but Grawitz states that, when cul- 
tivated, this fungus shows itself to be p yeast, and 
probably the Mycoderma vini, which he has proved 
capable of growing on mucous membranes. The patches 

*consist of tortuous, often branched filaments, formed of 
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long cells united end to end, and distinctly constricted 
where they join. The filaments end in roundish cells, 
which produce one or more spores; these form heaps in 
the epithelium.* 


THE HYPHOMYCETES OR MOULDS. 


These consist of filaments (Hyphae) formed by a single 
row of cells placed end to end, growing by means of 
an apical cell which elongates and divides transversely. 
Lateral offshoots are common, but dichotomous branching 
is rare. The thallus may consist of a single hypha; 
usually the hyphs are numerous, and intercross loosely 
or closely. All spring from an axis or yerminal tube 
which grows directly from a germinating spore. Com- 
pared with that of bacteria (p. 483), their growth is 
extremely slow. 

In the adult plant the hyphs are of two kinds—nuti7- 
tive, which grow into and extract nourishment from the 
culture-soil, forming in it by their interlacement the 
mycelium; and the reproductive, which spring from the 
mycelium, and stand up from the substance in which the 
mycelium lies. These are called fruit-hyphe; they are 
simple or branched, and bear at their ends spores or 
sexual organs. Reproduction is either a-sexual or sexual; 
the two methods may occur together on the same plant, 
or may alternate regularly or irregularly. Spores are 
formed by each—round, oval, or cylindrical, smooth or 
irregular, coloured or colourless; most are motionless, 
but some “swarm.” Each consists of a little mass of pro- 
toplasm, surrounded by an envelope, which is made up of 
an outer (exosporium) and an inner (endosportum) layer; 
the exosporium:is often pigmented. All spores have 
great power of resisting the action of physical and 
chemical agencies, and retain life for long periods; those 
formed a-sexually are ready at once to germinate, but 
those due to%a sexual process almost always require a 
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rest. The latter are the true resting-spores; but this 
name is often applied to all spores capable of retaining 
life for long periods in spite of adverse conditions. 

To understand the above and what follows, the student 
should examine a few moulds from the surface of thin 
jam, paste, decaying fruit, or the surface of a slice of 
potato which has been exposed for an hour or two ina 
dwelling-room. In all, the aérial portion is easily studied, 
and the mycelium is readily shown by crushing a bit of 
the culture-ground under a cover glass. 

A-sexual spore-formation occurs in three ways :— 

1. Hyphe spring from the mycelium, and perhaps 
branch. The terminal cells divide transversely into spores 
(conidia), which either fall away singly or form chains. 

2. A hypha (sporangiophore) stands up from the myce- 
lium, and its end swells into a ball full of protoplasm, 
which segments and forms conidia (sporangium). 

3. From the surface of a knob on the end of a hypha 
(conidiophore), peg-like processes (steriymata) sprout ; 
each sterigma, by growth and transverse division, forms 
a chain of spores. 

Sexual reproduction occurs in three ways :— 

1. Conjugation.—The apical cells of two hyphxw meet 
end to end, and blend into one cell (zygospore). From this, 
after a longer or shorter rest, a sporangiophore sprouts, 
and from its spores new plants grow. (Any of the Muco- 
rini,) 

2. Fertilisation.—(a.) The end of a hypha becomes 
twisted like a corkscrew, more and more closely, until its 
turns form a continuous tube—the ascogonium. Krom 
its lower turns spring fine branches, one of which (anthe- 
ridium) conjugates by its apex with the ascogonium ; the 
others simply cover the ascogonium continuously, and are 
converted by division into polygonal cells, which form a 
capsule (pertthecuum) round it. Many transverse septa 
form in the tube of the ascogonium, and*from the cells 
thus produced flask-shaped lateral projections (asct) deve- 

e lop; im each of these eight spores generally appear. The 
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perithecium thins greatly as the asci enlarge, the walls 
of the asci disappear, and an easily ruptured sphere of 
spores remains. When these germinate the endospore 
swells, splits the exospore, and puts out the germinal 
tube, whence springs the mycelium. This again gives 
origin first to conidiophores, then to perithecia. Kurotium 
repens, and Aspergillus glaucus, found especially on pre- 
served fruit, show these changes.* 

(L) In some species certain cells form an organ— 
oogontune —in which female reproductive bodies— 
oospheres—one or more, are formed; whilst other cells 
form a male organ—antheridtwu—in which sperniato- 
zoids are produced. The oosphere, which is hundreds 
of times larger than the spermatozoids, remains in the 
oogonium, aud is there fertilised by the mobile spermato- 
zoids. It is now called an vospore, and may, after a 
rest, develop directly into a new plant, or form cells, 
each of which does so.t 

Conditions of Life.—Food.— Possessed of no chloro- 
phyll, moulds are unable to build up carbon-compounds ; 
they assimilate those built up by other plants or animals. 
They are therefore always either saprophytes or para- 
sites; in the latter case they may kill their host. They 
require a free supply of oxygen; but some can obtain it, 
at Jeast for a time, by decomposition of organic com- 
pounds lke sugar. Thus, Mucor racemosus, cultivated 
on the surface of a saccharine liquid, absorbs oxygen, 
oxidises completely some of the sugar, exhales carbonic 
acid, and grows rapidly. If deprived of oxygen, as by 
immersion, only the mycelum grows, and this becomes 
broken up into short cells, which multiply by budding, 
and much resemble yeast-cells. The growth is much 
slower, carbonic acid escapes in bubbles, and alcohol 
appears in the hquid. But soon all stops, and the pro- 
cess can be Siprted again only by a fresh supply of 


* Sachs, Text-book of Botany, p. 287, 
t Ibid,, p. 212, 
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oxygen.* Some moulds, as Penicillium glaucum, Asper 
gillus niger, have no power of thus obtaining oxygen, an 
die if cut off from the free gas. The change in th 
character of growth above-mentioned, accompanyin; 
change in conditions of life, is often pointed to a 
evidence in favour of the mutability of bacteria, 

Light.— Many moulds can develop completely withou 
it: some require it for the discharge of spores and othe 
processes. 

Temperature.—Ziecler states that moulds flourisk 
best at temperatures below that of the body (37°5°), anc 
that some will not grow at this point. A few species o: 
Aspergillus and Mucor grow well between 35° and 40° 
The spores are as resistant to external agencies as are 
those of bacteria. 

Water is essential, but mere dampness is sufficient. 

Action.— Moulds are associated with processes of rof- 
ting or decay. The peculiar smell and taste which they 
impart is known to all. The products of their life-action 
have not been closely investigated; but they are neither 
very poisonous nor irritant to man. 

Distribution.—The spores of moulds are much more 
numerous in the air than are other organisms. They, 
therefore, constantly fall upon the skin and enter the 
air-passages with air, and the food passages with food. 
As arule, they find no nidns suitable for their develop- 
ment; the supply of free oxygen is often insufficient, and 
the temperature too high. Certain of them, however, 
when brought into contact with accumulated inflamma- 
tory discharges, or with sloughs, take root and fructify. 
This is most likely to occur in the respiratory tract, and 
the alimentary tract above the gullet. They are here 
saprophytes, but the products to which they give rise 
may irritate the living tissues lying beneath the soil in 
which they grow. Species of Mucor and Aspergillus are 
thoes commonly found. 


Duclaux, p. 0 
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Pathogenic Moulds.—Owing to the peculiarities 
mentioned in their life-history, these fungi have but little 
power of invading living tissues. Certain skin-diseases 
are, however, clue to the growth of species of this class in 
epidermic structures: they are—Favus; tinea tonsurans, 
kerion, circinata, sycosis, and unguium; and tinea versi- 
color. Two diseases, actinomycosis, and the Madura 
foot of India, have been attributed to penctration of the 
deeper tissues by hyphomycetous fungi. 

Favus.—'lbe Achorion Schonleinii forms almost wholly 
the light, yellow, mouldy-smelling crusts, characteristic 
of Favus. When in hairy parts, which are the usual 
seats, the hairs are always invaded, especially the roots. 
Here, the parasite grows luxuriantly, but it does not 
extend far up the shaft; its primary seat is the epithe- 
hum of the hair-follicle. On non-hairy parts the myce- 
lium invades the deeper layers of the epidermis. The 
mycelium consists of unjointed, branching, confusedly 
intercrossing tubes; in certain of them, which become 
divided into joints, oval spores form. 

The nails are very rarely affected, and chiefly by 
mycelium. 

The Trichophyton tunsuranus is the cause of tinea tonsu- 
rans, tinea kerion, tinea circinata, tinea sycosis, and 
tinea unguium. 

In Tinea tonsurans the hair is chiefly affected ; the 
root and the lower part of the shaft are crammed with 
spores which lie in rows between the fibrils of the hair. 
The weakened hair breaks beyond the scalp, leaving a 
stubbly line of fracture. Hpidermic scales from the surface 
may contain fungus, but the deeper living cells of the root- 
sheath never. (Thin and Taylor.) Spores are abundant, 
and ovalin shape; mycelial threads are rare. Points worth 
remembering in relation with the undoubted fungoid 
origin of the gisease, are its occurrence in children only 
(speaking proadly), the predisposition to it shown by, 
some, its great contagiousness when acute, diminishing as 


it becomes chronic, and its more severe course when com 
Mw 2 
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tracted from animals, as the horse. It may excite severe 
irritation and even suppuration—T. kerio. 

Tinea circinata.— Here the parasite infests epidermic 
cells, always causing desquamation, sometimes vesicula- 
tion, or even more severe inflammation. Mycelium chiefly 
18 present in the form of very long, jointed and branched 
threads ; the spores are scanty, single, or in short chains. 
The fungus altogether is often scanty, and is especially 
difficult to detect if it has excited inflammation. 

Tinea sycosis.— When uttacking the beard the fungus 
is found chiefly in the hair, but also in the follicle; both 
mycelium and spores are seen, the latter in excess, but not 
so markedly as in T. tonsurans. The mycelium generally 
lies round the root of the hair, and is pulled out of the 
sheath withit. Severe inflammation is generally excited. 

Tinea unguium.—Mycelial threads of trichophyton 
may occasionally invade a finger-nail, rendering it opaque, 
thick and brittle. Unlike a general condition, the fungus 
produces these changes in 1-3 nails only, and the toe- 
nails are scarcely ever affected. In this situation it is ex- 
tremely difficult to destroy. 

Chloasma, Pityriasis versicolor.—Jlicrosporon furfur 
invades the horny layer of the epidermis of covered parts 
of the trunk, growing more superficially than any of the 
above, rarely causing irritation and not attacking nails or 
hair. It consists of jointed mycelial threads which are 
always abundant; and spores, which vary much in form, 
and grow at the ends of the mycelial threads. 

Actinomycosis.—The ray-fungus (actinomyces) is be- 
lieved to be the cause of this disease. It has been 
described at p. 329. Its botanical position is doubtful. 

Madura Foot.—In certain parts of India the feet of 
natives, only, swell; tubercles form beneath the skin, 
burst, and leave sinuses from which bodies like those 
constituting the roe of a fish are dischrreed, or, more 
-rarely, bodies like grains of gunpowder. In the former, 
fungi have never been found; but in the latter, after 

‘soaking for some days in nota: fungous elements have 
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been recognised and called, Chionyphe Carteri. These are 
believed by some (V. Carter) to be the cause of both classes 
of the disease. Cunningham and Lewis do not hold this 
view (Quain’s Dictionary). On section, masses of the 
above bodies are seen, especially in the fatty layer; the 
masses may have no obvions communication with each 
other, or with the surface. The botanical position of the 
fungi found is doubtful. 


METHODS OF DEMONSTRATING THE PRESENCE OF 
PATHOGENIC MICRO-ORGANISMS. 


These vary according as they are used for the investi- 
gation of (c) fluids or (4) tissues. 

(1) MICRO-ORGANISMS IN FLUIDS.—1. Simple 
microscopic examination may be sufficient to reveal 
organisms of distinctive form or possessing marked 
powers of locomotion. No preparation will be necessary 
beyond mounting a thin layer of blood or other fluid. 

2. Recklinghausen pointed out the resisting power of 
many of these organisms to alkalies and dilute acids: 
solutions of these were formerly used to clear away fatty 
and albuminoid particles, but nowadays they are em- 
ployed only as a part of complex staining processes. 

3. Staining.—This is by far the most important method, 
and itis to Weigert that we owe the introduction of the 
reagents—the aniline dyes. Logwood stains many fungi 
well, butit has no preference for them over animal tissues, 
so it does not cause them to stand out. The aniline dyes 
most often used are gentian violet, methyl violet, and 
methylene blue, or Bismarck brown for photography ; 
watery solutions are employed, from 4 to 5 per cent. 
Cover-glasseg and slides should be cleaned in very dilute 
nitric acid and kept in alcohol ; before use they should be 
heated in a spirit flame whilst held in forceps. Take two 
cover-olusses which have inst cooled, nlacea amall dron of 
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the fluid on one, put the other glass on the top of it, 
squeeze the glasses gently together, and then glide one off 
the other, so as to leave a very thin layer of the fluid on 
each, Now dry both cover-glasses by passing them 
several times through a spirit flame. A temperature of 
120° should be reached for a few minutes to produce in- 
solubility and fixation to the glass of any albumen. Ifa 
weak staining solution is used, the glasses must be floated 
on it for some time; but a strong solution (2-5 per cent.) 
is quite as good, and stains deeply in less than a minute. 
Pour a httle on to the glass, pour it off after a few 
seconds and wash with distilled water from a wash-bottle ; 
dry over a flame. Warm a slide, and just melt on ita 
little solid balsam; drop the slightly warmed cover-glass 
on to this and press it down. 

For fluids rich in albumen a concentrated solution of 
aniline brown in glycerine and water (equal parts) may be 
used with advantage. . 

Certain organisms are distinguished by holding to basic 
aniline dyes, as fuchsine, gentian violet, methyl violet, &c., 
which they have taken up slowly from fluids which may 
be either alkaline or acid (Ziehl), when they are acted on by 
a solution of nitric acid (1 in 3), whilst everything else is 
decolorised—including other kinds of bacteria. These 
latter and the tissues may, after the acid has been washed 
off, be stained with some contrast-colour—e.g., fuchsine 
and methylene blue, This method will be described under 
‘“‘tissucs.” The chief fungi known to stain in this way 
are B. tuberculosis and B. lepre; a coccus also has been 
met with. JB. tuberculosis is now constantly sought for 
in pus, in sputum, and in urine for purposes of diagnosis, 
or to learn the result of treatment. 

For the examination of fluids for B. tuberculosis, 
Gibbes’ double stain is the quickest, and is said to be ag 
reliable as any (Vignal). ' 

(b.) MICRO-ORGANISMS IN TISSUES.—Tissues 
for examination should be placed as soon ag possible after 
death in methylated spirit. When thoroughly hardened, 
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very thin sections must be cut cither by hand or by spme 
microtome. If a freezing machine is used, a thinnish 
slice of the tissue must be soaked in plenty of water for 
two or three hours, and then put into mucilage (B.P.) for 
a similar time. The sections are to be placed for two 
hours or longer in a one per cent. watery solution of 
the dye selected; warmth facilitates staining. Some 
workers transfer the stained section to aone per cent. 
solution of glacial acetic acid, then to absolute alcohol, 
and finally to oil of cloves: others put them straight 
into alcohol, Each one of these tluids dissolves the dye 
out of the tissue, and the difficulty is to carry the sections 
through them rapidly enough. It is best, therefore, at 
first to take only one section at a time out of the staining 
fluid. One or two trials will show how long the section 
must be left in each fluid in order that it may still retain 
a rather pale colour when it is spread out on the shde. 
Supertluous oil of cloves is now run off, and the section 
dried with a piece of clean filter-paper pressed firmly on 
it. A drop of Canada balsam dissolved in xylol is put on 
the cover-glass, and this is applied; chloroform- and 
benzol-balsam slowly dissolve out the stain, and pure 
balsam is rather difficult to work with. 

If a blue or violet stain has been used, the sections, 
after washing in alcohol, may be dipped in water for a 
moment and tuen placed in eosine- or carmine-solution for 
an hour; the tissue-elements acquire a red tint, whilst 
the organisms remain blue or violet. The sections must 
now be carried through alcohol and oil of cloves; then 
mounted. 

To examine tissues for B. tuberculosis or B. lepre, 
Ehrlich’s process is the best. Many contrast stains may be 
used ; we shall speak of fuchsine and methylene blue. To 
100 c.c. of water add 4 ¢.c. of pure aniline (ordinary aniline 
is much cheaper and very good), shake well and filter; 
to the filtrafe add 11 c.c. of a saturated alcoholic solution 
of fuchsine. Prepare also a saturated solution in absolute 
alcohol of methylene blue; and dilute nitric acid (B.Pa) 
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with two parts of water, or with three, if this decolourises 
too quickly. Place the sections in the fuchsine solution 
for at least two hours in a warm place; then transfer 
them to the nitric acid solution and leave them until the 
colour is almost gone; then rinse them in water, and put 
them into methylene blue for an hour. Now pass them 
through absolute alcohol and oil of cloves, and mount as 
above. Hither B. tuberculosis or lepra: will appear red 
ona blue ground; all other organisms present will be 
blue. 

With large and delicate sections it 1s a good plan to 
use the glass slide as a section lifter, pushing it obliquely 
into the cloves or even the alcohol, and there spreading 
the section out upon it. Large vessels and plenty of the 
fluid must be used for this purpose. 

With large organisms or with successful contrast- 
staining a power of 500 diams, and ordinary illumination 
will be sufficient for most purposes; but for the smaller 
fungi the highest powers made, and a sub-stage condenser 
of very wide angular aperture, are necessary.* 

CULTIVATION.— Having determined the presence of 
organisms in a fluid or tissue, it may be wished to culti- 
vate them, to study their hfe conditions or to inoculate 
the pure organisms on other animals. 

Three methods may be mentioned—cultivation in fluids, 
in solids, and in living animals. 

In Fluids.—Klebs introduced a method which he called 
“Fractionirte Cultur.” It consists in adding to a sterile 
fluid a small quantity of a fluid or substance containing 
the fungus. Under suitable conditions the latter will 
grow. A small quantity of the culture-fluid may then be 
added to another flask, and so on until all vestiges of 
what was inoculated in the first flask along with the original 
organisms must have disappeared. If more than one kind 
of fungus is inoculated, or if in the inoculation of succes- 
sive flasks contamination from the air or apparatus 


* Koch. Tranm. Inf. Nic wn o7 
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occurs, it may be impossible to obtain a pure cultivation 
of one organism. 

In Solids.— Koch, therefore, introduced a solid culture- 
ground. Clear meat-broths and other finids are peptonised 
and have added to them sufficient gelatine (23-3 per cent.) 
to render them solid at 20°-25° C., at which temperature 
most fungi will grow fairly. Klein, however, finds it neces- 
ary for the latter tempcrature to have at least 10 per cent. 
of gelatine present. <A thin layer of the gelatine may be 
spread on a cover-glass; arecently-heated wire, having on 
it the material to be examined, is drawn across the gelatine 
in two or three lines, and the cover is inverted over a glass 
cell. Examination will now show what organisms are 
present, and where the one it is wished to grow is situate ; 
the growth may be watched, and fresh culture-grounds 
inoculated from it. As the inoculation takes place in 
air, organisms may fall upon the gelatine, or the wire 
may catch one or two. The latter would lie in the inocu- 
lation-lines, the former would probably be away from 
them, and therefore at once recognisable, BExamination 
of several lines guards against the former fallacy, A very 
handy method of cultivation is the inoculation of slices of 
recently boiled potato, made with a pure knife, and kept 
under a bell-jar in moist air. Most frequently such cul- 
tivations are carried on in test-tubes. For methods of 
preparing these and inoculating them, see Klein.* 

In Animals.—lKoch injected fluids containing many 
kinds of organisms into the bodies of animals. In only 
one case did two organisms develop, and then whilst one 
(bacillus) was in the blood, the other (coccus) remained in 
tissucs round the moculation-puncture. The former gave 
riseto septicemia, and could be easily inoculated alone; but 
the latter, which caused spreading gangrene, could not be 
obtained free from the bacillus until both were inoculated 
on an animgl,in which the latter could not grow, whilst 
the former flourished. Pure cultivation of each could now 
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iy of sebaceous glands, 185 
of thyroid, 184 
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iss 3 growth of, 46 
Pe regeneration of, 458 
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Cholera, 518 
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», terminations of, 23 
Diseases, contagious, 504 

>, infective, 503 

»>  Imiasmatic, 504 

= septic, 504 
Disinfecting, modes of, see ‘ Antiseptics’”’ 
Dysentery, 378 


LMS, capillary, 249 
- fat, 249 
Pe sources of, 243 
Embolism, 243 
oe as cause of aneurism, 247 
is in brain, 251 
syn @ results of, 246 
Embr¥onic remains, hypothesis of, 128 
Emigration of white blood-corpuscles in inflammation, 261 
Emphysema, 41 
Encephalitis, 443 . 
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Encephaloid cancer, 194 
Enchondromata, sce ‘‘ Chondromata ”’ 
Enchondroses, 142 

Endocarditis, 358 

acute, 360 

chronic, 362 

etiology of, 361 
infective, 361 

micrococci in, 514 
ulcerative, 361 


3) 
3? 
9 
99 
99 


29 
Epiblast, 15 
Epithelioma, 197 

cylindrical, 201 
Epithelium, regeneration af 464 
Epulis, 134, 168 
Erysipelas, micrococei in, 509 
Exostoses, 145 
Exudation corpuscles, 58 
Exudation in inflammation, 261 


hs in mechanical hyperzemia, 224 


ARCY, 323 
Fat, absorption of, 59 
5» as cause of embolism, 249 

Fat, source of, in fatty degeneration, 46 
Fatty degeneration, 45 
causes of, 46 
of arteries,-61 
of brain, 69 
of capillaries, 64 
of heart, 66 
of kidneys, 69 
. $5 of muscle, 64 
»» infiltration, 50 
of connective tissue, 46 
of heart, 52 
of liver, 54 
of muscle, 50 
metamorphosis, 57 
Favus, 531 
Fermentation, etiology of, 476 
germ theory of, 476 
physical theory of, 477 

products of, 481 
Fibr oid Setieation, as result of inflammation, 277 
of mechanical hyperemia, 223 
ss at » Of syphilis, 331 
of heart, 364 
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2? 39> 


99 33 


a% 


33 


39 > 3? 


3? 3? 


INDEX. 


Fibromata, 132 
Fibroplastic tumour, sec ‘‘Sarcomata, spindle-celled ”’ 
Fungi, 482 


GENGhENE, sec ** Necrosis ”’ 
mA senile 27 
Genesis of cells, 13, 299 
Germ-theory of tiatage. 475 
Giant-cells, 15 
Giant-growth, 114 
Glanders, 3233 
Glioma, 164 
Glomerulo-nephritis, 399 
Gluge, corpuscles of, 58 
Gonorrhea, micrococci in, 511 
Granular degeneration, 107 
Granulomata, infective, 295 
Grey degeneration, sce ‘* Sclerosis ”’ 
Gummata, 332 


f ZEMATOTDIN, 100 
Hemorrhagic infarct, 214 
Heart, brown atrophy of, 63 
», changes in pyrexia, 109 
as fatty degeneration af, 66 
5 >» infhitration of, 52 
>> fibroid induration of, 364 
»> inilammation of, 358 
Heredity, 21 
Heterology, 119 
Hodgkin’s disease, 151 
Homology, 119 


Horns, 178 
Hyperwmia, 216 
25 as cause of new growth, 114 
as active, 216 
. mechanical, 219 
“6 of liver, 224 


of lungs, 226 
post-mortem appearances of, 228 
Hyp sia, 112 
reget 112 
compensatory, 113 
Hyphomycetes, 527 
Hypoblast, 15 
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NFARCT, 214 
Infective diseases, 503 


2? 


granulomata, 295 


Infiltrations, 45 
Infiltration, fatty, 50 
Inflammation, 259 


as cause of necrosis, 25, 287 

causes of blood-stasis in, 270 

changes in the blood-vessels and circulation in, 259 

changes in inflamed tissues, 266 

croupous, 288 

cryptogenetic, 292 

diphtheritic, 288 

emigration of red blood-corpuscles in, 262 
5 of white blood-corpuscles in, 262 

essential lesion of, 267 

etiology of, 289 

explanation of microscopic phenomena of, 269 

$ clinical signs of, 271 

exudation of liquor sanguinis in, 265 

fibrinous, 274 

formation of pus in, 278 

hemorrhagic, 284 

idiopathic, see ‘ Cryptogenetic ” 

infective, 295 

necrotic, 287 

productive, 275 

scrofulous, sce ‘‘ Scrofula ” 

septic, 294 

serous, 273 

specific, 295 

suppurative, 278 

stasis in, 261 

terminations of, 286 

traumatic, 289 

ulcerative, 282 

varieties of, 273 

of arteries, 354 

of blood-vessels, 354 

of bone, 346 

of brain and spinal cord, 442 

of cartilage, 345 

of connective tissues, 344 

of cornea, 344 

of heart, 358 ee 

of kidneys, 390 

of liver, 383 

of lungs, 405 

of lymphatic structures, 366 


INDEX. 249 


Inflammation of mucous membranes, 372 
- of serous membranes, 380 
i special organs and tissues, 343 
a of veins, 357 

Inflammatory fever, 471 


stasis, 261 
Interstitial hepatitis, 385 
ss nephritis, 401 
a pneumonia, 417 
Intestine, lardaceous degeneration of, 91 
ae tuberculosis of, 314 


a typhoid ulceration of, 370 
Ischemia, sce ‘‘ Anwmia, Local ” 


7 ARYOKINESIS, 13 

Kidney, abscess of, 391 
fatty degeneration of, 69 
glomerulo-nephritis, 399 
inflammation of, 39 
interstitial nephritis, 401 
lardaceous degeneration of, 85 
leukemic growth in, 258 
surgical, 391 
scarlatinal nephritis, 399 
, suppurative nephritis, 391 
tubal nephritis, 395 


LARDACEOUS degeneration, 77 


- es of alimentary canal, 91 
x8 a of kidneys, 85 

a a of liver, 83 

Hs ‘5 of lymphatic glands, 90 
a of spleen, 88 

si substance, nature of, 78 

- ‘5 reactions of, 79 


Hy si source of, 82 
Leprosy, 326 
Leucocytosis, 253 
Leukemia, 252 
Leukeemic growths in kidney, 258 
Pe Cs in liver, 257 
3 - in lymphatic glands, 256 
sg - in spleen, 256 
Lipomata? 138 
Litten’s explanation of infarction, 215 
Liver, abscess of, 384 
» acute inflammation of, 384 * 
» acute yellow atronhy of. 289 
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Liver, changes in, in pyrexia, 109 

», Cirrhosis of, 385 

», fatty infiltration of, 54 

», in splenic anemia, 258 

»,  dardaceous degeneration of, 83 

» deuksemic growths in, 257 

» nutmeg, 224 

» 8yphilitic growths in, 338 
Lungs, abscess of, 410 

»s  broncho-pneumonia, 411 

>, brown induration of, 226 

9,  ¢catarrhal pneumonia, 411 

»» cirrhosis of, sec * Interstitial Pneumonia” 

>>  ¢roupous pneumonia, 405 

» empbysema of, 41 

>, gangrene of, 410 

»> inflammation of, 405 

», interstitial pneumonia, 417 

>» pigmentation of, 103 

>>  phthisis, 424 

»» tuberculosis of, 315 
Lupus vulgaris, 322 
Lymphadenoma, see  Lymphomata” 
Lymphangiomata, 153 
Lymphatic glands, inflammation of, acute, 366 


3 Pe chronic, 367 
3 “3 lavdnecous degeneration of, 90 
ee leukemic growths in, 256 
5 »»  hon-inflammatory enlargement of, sec 
“ Lymphomata ” 
i »»  scrofulous, 368 
5 tuberculosis of, 313 
‘9 structures, inflammation of, in typhoid fever, 365 
Lymphomata, 147 A 


Lympho-sarcoma, 149- 


ADURA-FOOT, 532 
Malaria, 519 

Malignancy, 121 
cachexia as evidence of, 122, 127 
causes of, 125 
different degrees of, 122 
recurrence after removal, 122 
gecondary growths, 122 

Malignant cedema, 525 

ee pustule, 517 

Mammary gland, adenoma of, 181 

‘ x .. adeno-fibroma of. 181 


»? 
”) 
” 
7 
© 5 
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Mammary gland, adeno-sarcoma of, 183 
<4 - cysticsarcoma of, 183 
aig scirrhus of, 192 


Measles, micrococci in, 513 
Melan:emia, 102 
Melanin, 101 
Melanotic cancer, see ‘* Melanotic Sarcoma. ”’ 
Ss sarcoma, 160 
Melanosis, sec ‘‘ Melanotic Sarcoma ’”’ 
Meningitis, 442 
tubercular, 310 
Mesoblast, 15 
Metamorphoses, 44 
Metastatic abscesses, 249, 4171 
Microbacteria, 515 
Micrococci, 506 
Micro-organisms, cultivation of, in eure 537 


9 cs in fluids, 536 
- in solids, 537 
a demonstration of, in fluids, 538 


re in tissues, 534 
Microsporon furfur, 532° 

Mollities ossium, 350 

Molluseum fibrosum, 133 

Mortification, see ‘* Necrosis ” 

Moulds, 527 

Mucoid degeneration, 73 

Mucous membranes, adenomata of, 185 


‘ - catarrhal inflammation of, 372 

ee croupous inflammation of, 375 

3 e diphtheritic inflammation, 375 
“5 tuberculosis of, 314 


Mummification, 28 
Muscle, fatty degeneration of, G4 
», fatty infiltration of, 51 
» intyphoid fever, 76 
» regeneration of, 46] 
,  enker’s degeneration of, 76 
Myeloid tumour, 166 
Myelitis, 443 
Myocarditis, 362 
Myomata, 170 
Myoma of uterus, 171 
Myxomata, 135 


@ @ 
ECROBIOSIS, 29 
Necrosis, 24 
3 causes of, 24 
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Necrosis, course of, 29 
Nephritis, see ‘ Inflammation of Kidney ”’ 
Nerve, regeneration of, 462 
Nervous system, as cause of atrophy, 39 
‘i es x - disease, 9 
Neuromata, 172 
New formations, 111 
Nucleoli, 4 
Nucleus, 4 

‘ forms assumed in dividing, 13 
Nutrition, arrested, 24 


ie impaired, 33 

= increased, 111 
Nutritive equilibrium, 6 

re exchange, 7 


sa eae ALBICANS, 526 
Organisms, sec ‘‘ V epetable Parasites and Bacteria 
a ’ pathogenic, and simple, 495 

Osteomalacia, 350 
Osteomata, 144 
Osteo-chondroma, 142 

» myelitis, 347 
Osteoid sarcoma, 161 
Ostitis, 347 

»  rarefying, 548 
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APILLOMATA, 176 
Parasites, vegetable, 474 

Perihepatitis, 383 
Periostitis, 346 
Phiebitis, sec ‘‘ Veins, Inflammation of ” 
Pia mater, tuberculosis of, 310 
Phiegmasia dolens, 242 
Phthisis, pulmonary, 424 
apical distribution of, 441 
” % ‘‘ colliers’,’? 106, 420 
5 ee etiology of, 439 
histology of, 425 
older doctrines respecting, 424 
pathology of, 484 
tubercle bacilli in, 400 


PP, 3? 


3} o> 
323 3? 


33 77 


33 33 
Pigment, source of, 98 
Pigmentary degeneration, 98 ts 
Pigmentation, false, 103 

ye of lungs, 103 
of sputum, 104 
Pneumonia, broncho- or catarrbal, 411 
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Pneumonia, croupous, 405 
hypostatic, 416 
interstitial or chronic, 417 
micrococci in, 512 
Post- ‘nortem staining, 350 
Protoplasm, 3 
a coagulation of, after death, 32 
Psammoma, 135 
Pus, characters of, 280 
» ongm of, 263 
Pulmonary phthisis, see ‘‘ Phthisis, Pulmonary ” 
Pyamia, 47] 
pathology of metastatic abscesses in, 472 
a" relation of, to septicamia, 47] 
Pyrexia, tissue-changes in, 107 


FRR EGENERATION, 452 


of alipose tissue, 458 


+3 


7? 


94 


$3 

a bone, 458 

- eartilage, 458 

. common connective tissue, 454 
93 epithelium, 456 

es musele, 46] 


nerve, 462 
vessels, 453 
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‘ *9 
Relapsing fever, 525 
Repair, 7 
Rickets, 351 
Rigor mortis, 31 


ie >> nature of change in muscle in, 31 


AGO spleen,” 89 

Sarcomata, 154 
alveolar, 165 
climeal characters of, 169 
- eystic, 157 
a lympho, 165 
melanotic, 160 
myeloid, 166 
osteoid, 161 
round-celled, 163 
spindle-celled, 158 


24 
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29 
23 
” 


33 


39 
Sareina, 514 
Scar-tissue, 277 
Scarlatina, kidney changes in, 399 
Scirsh &s cancer, 191 
Schizomycetes, 506 
Sclerosis, ascending, 449 
descending, 448 


33 


cn 
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Sclerosis, disseminated, 448 
- primary, 445 
a secondary, 445 
- of brain, 447 
es of cord, 447 
ie of grey matter, 449 
ss of bone, 349 
of nerve, 445 
Scrofula, 339 
re relation of, to tubercle, 342 
Scrofulous inflammation, sce ‘‘ Serofula ”’ 
Senile gangrene, 27 
Septiceemia, 465 
in mice, 52 
Septic infection, 468 
»» intoxication, 466 
», traumatic fever, 471. 
Serous effusion, as result of inflammation, 265 
ss a of mechanical hyperemia, 221 
Serous membranes, inflammation of, 380 
Slough, separation of, 29 
Sph:erobacteria, 506 
Spinal cord, inflammation of, 443 
sclerosis of, 447 
Spirobacteria, 5 525 
Spirochweta, 525 
Spleen, lardaceous degeneration of, 88 
»,  Jeuksmie, 256 
3, in typhoid fever, 369 
Splenic anemia, 254 
»» fever, 516 
Spontaneous generation, 495 
Suppuration, 278 
Syphilis, 330 
a arterial changes in, 335 
» fibroid changes in, 331 
» gummata in, 332 
», ature of lesions in, 330 


ERATOMATA, 204 
Thallophytes, 482 
Thrombosis, 229 


re causes of, 229 
results of, 240 
Thrombus, 234 
ae organisation of, 235 


Pe secundary, 245 
= softening of, 238 
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Thrush, 526 a 
Tinea circinata, 532 
xy sycosis, 532 
5» btunsurans, 931 
ss unguium, 5352 
Traumatic fever, 470 
Trichophyton tonsurans, 531 
Trophic influence, & 


Pr nerves, & 
a facts held to prove influence of, 9 . 

Tumours, 115 

_ classification of, 131 

Be clinical eourse, 121 

= development of, 116 

fs etiology of, 127 

oe relation of, to the surrounding tissues, 119 


retrogressive changes in, 120 
Tubercle, 206 


a bacilli, 306 
te giant-cells in, 200 
de histology of, 209 
ts in pulmonary phithisis, £35 
5s naked-eye appearances of, 29 
58 older doctrines respecting, 303 
ee seats of, 207 
oe secondary changes of, 302 
Tuberculosis, acute, 206 
so artificial production of, 304 
me eliology of, 302 
Pe pathology of, 802 
- of lungs, 315 
i of lymphatic glands, 313 
ee of mucous membranes, 314 


<3 of pia mater, 310 
Tubercular meningitis, 310 
Typhoid fever, 368 
- micro-organisms in, 520 
muscular change in, 76 
Typhus, micrococci in, S14 


LCERATION, 282 


os tubercular, of intestine, 314 
- typhoid, of intestine, 370 
viene myoma of, 171 ; 


VV AccIN IA, micrococci in, 513 
Vacuoles, 3 


Vegetable purasites, 474 
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Vegetable parasites, classification of, 482 
conditions of life of, 483 
distribution of, in Nature, 489 
methods of demonstrating, 588 
* natural history of, 482 

Veins, inflammation of, 357 

Vibrio, 425 

Vital activity, 5 
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ARTS, 178 
Waste, 7 
Wens, 133 
Woolsorters’ disease, 518 
Wounds, healing of, 465 


Y BASTS, 526 


JENKER'S degeneration of muscle, 76 
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